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This number of the Journals of the Linnean Society is issued in commemoration 
of the reading of a communication entitled “On the Tendency of Species to form 
Varieties ; and on the Perpetuation of Varieties and Species by Natural Means of 
Selection” by Charles Darwin, F.R.S., F.L.S., F.G.S., and Alfred Wallace, com- 
municated by Sir Charles Lyell, F.R.S., F.L.S., and J. D. Hooker, M.D., V.P.R.S., 
F.LS., on Ist July, 1858, at a special meeting of The Linnean Society of London. 


The Council of the Society invited a number of distinguished biologists, active 
in the field of evolutionary research, to contribute. Several for various reasons, 
were unable to do so, but some 13 acceded to the request and the Council wishes 
to record its thanks to them. 


At a special Meeting of the Society to be held on 15th July, 1958, the following 
will be presented with Silver Darwin-Wallace Commemoration Medals in recognition 
of their outstanding contributions to our knowledge of evolution :— 


Dr. Edgar Anderson, (U.S.A.). Dr. Bernhard Rensch, (Germany). 
Prof. Maurice Caullery, (France). Dr. G. Gaylord Simpson, (U.S.A.). 

Sir Ronald A. Fisher, (Great Britain). Prof. Carl Skottsberg, (Sweden). 

Prof. C. R. Florin, (Sweden). d Prof. E. A. Stensio, (Sweden). 

Prof. J. B. 8. Haldane, (Great Britain). Demet: Hibs cs The any Geeat 


Prof. Roger Heim, (France). tee 
Dr. John Hutchinson, (Great Britain). ene 

Sir Julian Huxley, (Great Britain). Prof. G. V. Turesson, (Sweden). 

Dr. Ernst Mayr, (U.S.A.). Dr. V. van Straelen, (Belgium). 

Prof. H. J. Muller, (U.S.A.). Prof. D. M. S. Watson, (Great Britain) 
Prof. E. Pavlovsky, (U.S.S.R.). and Dr. J. C. Willis, (posthumously). 
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THE EMERGENCE OF DARWINISM 
‘By Sir Junian Huxtey, FBS. 


(Being the Darwin-Wallace Memorial Lecture delivered at the Inaugural Meeting 
of the XVth International Congress of Zoology on 16th J uly, 1958.) 


To-pay we celebrate the centenary of an outstanding event in the history of science— 
the birth of Darwinism or evolutionary biology, initiated by the joint contribution 
of Charles Darwin and Alfred Russel Wallace to The Linnean Society of London, 
announcing their independent discovery of the principle of natural selection. 

I say Darwinism because not only did Darwin have priority in conceiving that 
evolution must have occurred, and could only have occurred through the mechanism 
of natural selection, but also contributed far more than Wallace, or indeed than any 
other man, to the solution of the problem and the development of the subject. I 
shall therefore speak almost entirely about Darwin and Darwinism, endeavouring to 
bring out facts and ideas which illuminate Darwin’s unique role in the history of 
our science. 

Charles Darwin has rightly been described as the Newton of biology : he did more 
than any single individual before or since to change man’s attitude to the phenomena 
of life, and to provide a coherent scientific framework of ideas for biology, in place of 
an approach in large part compounded of hearsay, myth and superstition. He 
rendered evolution inescapable as a fact, comprehensible as a process, all-embracing 
as a concept. 

His industry was prodigious. His published books run to over 8000 printed 
pages, and contain, on my rough estimate, at least 3,000,000 words. His scientific 
correspondence must have reached similar dimensions, and his contributions to 
scientific journals comprise well over 400 pages. 

The range of subjects with which he dealt, often as an initiator and always magis- 
terially, was equally remarkable. Let us first recall that at the outset of his career 
he was more of a geologist than a biologist, that his first scientific works, on Coral 
Reefs and on the Geology of South America, dealt with geological subjects, and that 
the only professional position he ever occupied was that of Secretary to the Geological 
Society. Later, he dealt with the taxonomy and biology of that ‘difficult’ group of 
animals, the barnacles or Cirripedes, in its entirety; with the principles and practice 
of classification ; with the evidences for evolution; the theories of natural and sexual 
selection and their implications; the descent of man, including the evolution of his 
intellectual, moral and esthetic faculties ; the emotions and their expression in men 
and animals; geographical distribution, domestication, variation in nature and under 
domestication, the effects of self- and cross-fertilization (or, as we should now say, in- 
and out-breeding) and various remarkable adaptations for securing cross-fertilization, 
the movements of plants, insectivorous plants, and the activities of earthworms. _ 

Not only is he the acknowledged parent of evolutionary biology, but is also promi- 
nent among the founding fathers of the sciences we now call ecology and ethology. 

Above all, he was a great naturalist, in the proper sense that he was profoundly 
interested in observing and attempting to comprehend the phenomena of nature, 
though at the same time he managed to keep abreast of pure scientific advance in the 
fields which concerned him, such as general botany, embryology, paleontology, 
biogeography, taxonomy, and comparative anatomy, as well as with the activities 
both of professionals and amateurs in what we should now call plant and animal 
breeding. : : ; 

He had an inborn passion for natural history, which showed itself from early 
childhood. Later, like most true naturalists, besides being motivated by intellectual 
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interest, he was deeply moved by the wonder and beauty of nature. Asa young man, 
he found an ‘exquisite delight in fine scenery’, and enjoyed exploring wild and 
strange country. 

The combination of passionate and deep emotion appears vividly in the notes he 
made on his first experience of the tropical rain-forest : ‘ Twiners entwining twiners— 
tresses like hair—beautiful lepidoptera—Silence—hosannah—frog habits like toad— 
slow jumps’. ‘Sublime devotion the prevalent feeling.’ And a little later, ‘Silence 
well exemplified. ... Lofty trees, white boles ... So gloomy that only 
shean [sic] of light enters the profound. Tops of the trees enlumined’.* 

I may perhaps note that this last entry was made, not in the remote depths of the 
great Amazonian forest as one might expect, but close to Rio, at Botofogo, whose 
beach is now bordered by luxury hotels and crowded with bathing beauties. However, 
though roads have robbed the forest behind the beach of its primal virginity, it is 
otherwise untouched, and in its recesses one can still recapture some of Darwin’s 
feelings. 

ee characteristic of Darwin was his extraordinary diffidence, coupled with a 
passion for completeness and a reluctance, so extreme as to appear almost patho- 
logical, to publish to the world his ideas on the controversial subject of evolution 
before he had buttressed his arguments with a body of evidence which would over- 
whelm opposition by its sheer vastness. It has been suggested that these traits 
in Darwin’s character, and also the constant ill-health from which he suffered after 
his marriage in 1839, were neurotic symptoms springing from unconscious conflict 
or emotional tension, and that this in its turn was first generated by Darwin’s 
ambivalent attitude to the dominating and domineering figure of his father, Robert 
Darwin.® 

While not necessarily accepting this interpretation in its entirety, there seems no 
doubt that his ill-health was in part what psychiatrists now call an escape mechanism, 
and was fostered by the devotion of his wife, who became the ideal sick-nurse, as 
Darwin became the ideal patient ; nor that his reluctance to commit himself publicly 
and in print to belief in the mutability of species and in evolution by natural causes, 
sprang ultimately from some unacknowledged inner conflict which was partly rooted 
in his relations with his father. It was his father who took him away from school 
early because he thought he was idle and doing no good ; who decided first that he 
should study medicine, and then, when it was clear that Charles disliked the prospect 
of becoming a physician, sent him to Cambridge to study for the Church, another 
profession for which he had no inclination or aptitude ; and whose strong opposition 
to Charles accepting the post of naturalist on the Beagle nearly robbed the world of 
its greatest biologist’. He clearly deplored Charles’ intense (and apparently innate) 
devotion to nature and natural history, which was manifested in the pursuits of his 
childhood and youth, from beetle-collecting to shooting and geologizing in the field. 
Furthermore, his father was a man of decided opinions, very autocratic with his 
children, and probably hostile to the whole idea of evolution. In his autobiography 
Charles states that he never heard the idea of evolution favourably mentioned until 
he had gone as a medical student to Edinburgh : this at least indicates that it was 


1 Autobiography, L. and L., 1; 101. Note.—In the biographical references, L. and L. denotes 
The Life and Letters of Charles Darwin, edited by F. Darwin, 3 vols, 8rd edition, 1887 ; Origin 
denotes The Origin of Species by Charles Darwin, reprint of the 6th edition (1872) with preface by 
G. R. de Beer, Oxford University Press, 1956; Descent of Man denotes The Descent of Man and 
Selection in Relation to Sex, by Charles Darwin, reprint of the 2nd edition (1874), John Murray, 
1922; Nora Barlow denotes The Autobiography of Charles Darwin, the first complete version 
edited and annotated by Nora Barlow, Collins, 1958. : 
Fhe Charles Darwin and the voyage of the Beagle. Ed. Nora Barlow, Pilot Press, 1945, pp. 162- 

5 See e.g. Biology and Human Affairs (1954), 20 
Nora Barlow, p. 240 f. 


4 See Nora Barlow, p. 226f. 


3; p. 1; R. Good, 2bid., p. 10. Also 
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not discussed in the Darwin home. In any case, what could be more symptomatic of a 
guilt-complex than Darwin’s confession, in a letter to Hooker early in 1844, that to 
assert that species are not immutable is ‘like confessing a murder ’!5 If he felt like 
this, it is little wonder that he kept on putting off the public statement of his views. 

Furthermore, the conflict must have been sharpened by his marriage, for his 
deeply religious wife was opposed to all unorthodox views. In any case, his chronic 
ill-health did not begin until after his marriage. ° 

His extreme diffidence about the merits of his work (clearly another symptom 
of inner conflict) is illustrated by a letter of 27 August 1859 to his publisher, John 
Murray, about the ‘little work "—as he called the Origin of Species—which he was 
then preparing. ‘I feel bound (he wrote) for your sake and my own to say in clearest 
terms that if after looking over part of my MS. you do not think it likely to have a 
renumerative sale I completely and explicitly free you from your offer.’’ 

It is worth while retelling the salient facts of the story. During the voyage of 
the Beagle, probably towards the end of 1835, he had become convinced that species 
could not be separate immutable creations. In 1837, soon after his return to England, 
he started a series of notebooks on the ‘ transmutation of species’, in the full con- 
sciousness that this would imply large-scale evolution and the common ancestry of 
all organisms, including man. He soon realized the efficacy of selection in creating 
new varieties and races of domestic animals and plants, but was unable to see how 
it could operate in nature. Then, late in 1838 he ‘happened to read for amusement 
Malthus on Population ’—I quote his own revealing phrase—and the idea of natural 
selection immediately flashed upon him. ‘ Here then’ he continued, ‘I had at last 
got a theory to which to work.’ This vivified all his subsequent thinking : for do 
not let us forget that Darwin combined inductive and deductive method in a remarkable 
way. He was never interested in facts for their own sake, but only in their relevance 
to some hypothesis or general principle. But when he had discovered some satis- 
factory general principle, he proceeded to deduce the most far-reaching conclusions 
from it. This is particularly evident, as will appear later, with the principle of 
natural selection ; but it is also true of his treatment of uniformitarianism and the 
principle of continuity, of sexual selection, and of biological adaptation. 

This is perhaps the place to stress another aspect of Darwin’s mind. Although 
his laborious patience in the collection and synthesis of factual evidence has rarely 
been rivalled (he himself called his mind ‘a kind of machine for grinding general 
laws out of large collections of facts ’®), yet sudden intuition was responsible for some 
of his most important discoveries of principle, notably natural selection and the 
explanation of biological divergence—a valuable reminder of the fact that imagination 
as well as hard work is essential for scientific comprehension. 

But I must return to my story. In spite of this illuminating discovery, his 
reluctance to commit himself was such that not until four years later did he ‘ allow 
himself the satisfaction ’ (again a revealing phrase) of putting his ideas on paper ; 
and then only by ‘writing out in pencil a very brief abstract’ of his theory and the 
evidence for it.1° 

Two years later, in 1844, he enlarged this into an ‘Essay’. As a matter of fact, 
this so-called Essay was a sizeable book of 230 pages, covering almost the same ground 


5L. and L., 2. This was some eight years after he had become personally convinced of tho 
fact ! ; 

6 The two and a quarter years in London before his marriage he records as the most active 
he ever spent, marked only by occasional spells when he felt unwell (Autobiography, L. and L., 
5 owe 

7 Quoted by kind permission of John Murray, Ltd. 

8 See Nora Barlow, pp. 157-164. 

9 Autobiography, L. and L.,1; 101. , sap 

10 The Foundations of the Origin of Species, a sketch written in 1842 by Charles Darwin ; 
edited by Francis Darwin, Cambridge, 1909. 
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as the Origin, and more than adequate as an exposition of the whole subject.™ Yet 
he still procrastinated, and continued to procrastinate for 14 further years. He 
showed the Essay to no one but Lyell, and discussed his evolutionary ideas only with 
him and a few intimate colleagues, notably Hooker. He continued with the inter- 
minable collection of facts, until finally, urged on by Lyell and Hooker, he began in 
1856 to write a monumental work on the subject. 

Here I must pay tribute to Alfred Russel Wallace. I wish I had more space to 
set forth his great contribution to evolutionary biology. He laid the foundations 
of zoogeography, and his notable works on the subject—the Geographical Distribution 
of Animals and Island Life—can still be read with profit, as can those on. tropical 
natural history in general—T'ropical Nature and The Malay Archipelago. He was 
the first to make a comprehensive analysis of cryptic adaptations, he contributed 
materially to the study of mimicry, and originated the theory of warning coloration. 
He made many original contributions to the species problem, and in 1855 had 
published a paper ‘ On the Law which has regulated the Introduction of New Species ’ 
(Ann. Mag. Nat. Hist., 1855, p. 184), which showed that he believed in the evolution 
of new species from old, and led to Darwin entering into correspondence with him. 

But not only was he a great naturalist, not only did he independently discover the 
principle of natural selection, but by doing so he forced Darwin into publication. 
If it had not been for Wallace’s attack of malarial fever in Ternate and his impulsive 
temperament, the Origin of Species would never have been published in 1859. Ever 
since 1855, when he had become convinced that evolution had occurred, the question 
of how changes of species could be brought about was constantly in his thoughts, 
but he never succeeded in thinking the problem out. The fever, by setting him free 
from his daily routine of practical detail, permitted his roving mind to discover the 
principle of natural selection (as with Darwin, in a sudden flash of intuition, and also 
as a result of reading Malthus and Lyell some time previously) ; and his temperament, 
the very opposite of Darwin’s, led him to write down his ideas that same evening, 
to elaborate them during the next two days, and then send them straight off to Darwin 
for his opinion. The first result, after much heart-searching on Darwin’s part and 
the firm intervention of Lyell and Hooker, was the joint announcement of Darwin’s 
and Wallace’s views to The Linnean Society of London on 1 July 1858, and their sub- 
sequent publication in the Society’s Journal. The second and much more important 
result was the publication of the Origin of Species. Strongly pressed by Lyell and 
Hooker, in September 1858, Darwin started ‘ abstracting ’ (his own word) his huge 
incomplete work, and finished the book in just over 13 months. Although in his 
Autobiography he still called it ‘only an abstract’, he acknowledged that it was 
‘no doubt the chief work of my life’, and this is certainly true. 

But for Wallace and his fever, Darwin would assuredly not have overcome his 
resistance to speedy publication, and would have continued working on ‘the MS. 
begun on a much larger scale’. In 1858 he envisaged its completion ‘ at the soonest ’ 
by 1860. But we can be sure that his inhibitions over coming into the open, which 
were transmuted into perfectionist dreams of completeness (‘I mean to make my 
book as perfect as ever I can’, he wrote as late as February 185812), would have 
prevented him from publishing for a much longer time—perhaps five, perhaps even 
ten years. 

He himself said that the book would have been ‘ four or five times as large as the 
Origin ’—which would mean at least 2500 pages, and over three-quarters of a million 
words!—and that very few would have had the patience to read it.13 It would, 
indeed, have been almost unreadable, and the forceful flow of argument, so well 


11 Reprinted with the sketch of 1842, in C. Darwin & A. R. Wallace, Hvolution by Nat 
Selection, Ed. G. R de Beer, Cambridge, 1958. y Natural 


12. and L., 2; 110; 
18 Autobiography, L. and L.,1; 88. 
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manifested in the Origin, would have been lost in the sands of over-abundant fact. 
Biology certainly owes a great deal to Wallace. 

a Nor must we forget Lyell. He was the chief source of encouragement to Darwin 
in his evolutionary work after his return to England, and was mainly instrumental 
in persuading him to publish his ideas together with Wallace’s paper in 1858. We 
know that his Principles of Geology influenced Wallace more than any other book. 
Above all, his great work demonstrating that slow geological change had occurred as 
a result of existing physical causes prepared the ground for the idea of biological 
evolution by natural means. As T. H. Huxley wrote in 1887, he was ‘the chief 
agent in smoothing the path for Darwin’. 

Biology also owes a good deal to Darwin’s caution, exaggerated though this was. 
If Darwin had rushed into print in 1838 with a brief and bare account of his conclu. 
sions, they would have been still-born. The idea of evolution needed heavy rein- 
forcement with facts, and the idea of natural selection had to be thoroughly worked 
out in all its implications. Even though the Essay of 1844 went a long way towards 
satisfying these requirements, its immediate publication would not, I am sure, have 
been nearly so effective as was that of the Origin 15 years later. This is partly 
owing to Darwin’s enlargement of his evidence and improvement of his argument, 
but also to the ‘ pre-adaptation ’ of opinion of which Dr Harrison Matthews writes, 
the increased interest of biologists in evolution and their increasing readiness to 
discuss it, as well as to the appearance on the biological stage of younger men, like 
Wallace, Alfred Newton, and especially Huxley, ready to be persuaded and become 
forceful champions of the new and revolutionary ideas.* The best time for Darwin 
to publish was, I would say, between 1855 and 1860. 

Above all, delay in publication gave Darwin time to look at every aspect of his 
enormous subject, to think out its many implications, and to meet all possible objec- 
tions. The result was extremely impressive, and far more convincing than any 
brief sketch, however brilliant, or any speculative picture, such as those drawn by 
Erasmus Darwin or Lamarck. 

The last paragraph of the Origin has often been quoted: I quote it here once 
again, as admirably illustrating this close-reasoned comprehensiveness of Darwin’s 
work :—‘ It is interesting to contemplate a tangled bank, clothed with many plants 
of many kinds, with birds singing on the bushes, with various insects flitting about, 
and with worms crawling through the damp earth, and to reflect that these elaborately 
constructed forms, so different from each other, and dependent upon each other in 
so complex a manner, have all been produced by laws acting around us. These 
laws, taken in the largest sense, being Growth with Reproduction ; Inheritance which 
is almost implied by reproduction ; Variability from the indirect and direct action of 
of the conditions of life, and from use and disuse ; a ratio of increase so high as to 
lead to a Struggle for Life, and as a consequence to Natural Selection, entailing Diver- 
gence of Character and the Extinction of less-improved forms. Thus, from the war of 
nature, from famine and death, the most exalted object which we are capable of 
conceiving, namely, the production of the higher animals, directly follows. There 
is grandeur in this view of life,..... that, whilst this planet has gone cycling on 
according to the fixed laws of gravity, from so simple a beginning endless forms most 
beautiful and most wonderful have been, and are, being evolved.’ 

It is interesting to pursue the question of timing onto a more speculative plane, 
and ask ourselves what would have happened to Darwin if he had been born a century 
earlier or a century later. I would guess that if he had been born in 1709 he might 
well have become a good amateur naturalist, rather after the pattern of his grandfather 


14 Newton was converted by the joint Darwin-Wallace paper of 1858. * Never shall I forget 
the impression it made on me’, he wrote ; ‘ Herein was contained a perfectly simple solution of 
all the difficulties that had been troubling me for months past ’ (Nora Barlow, p. 157). Other- 
wise the Linnean paper seems to have fallen rather flat, and it was reserved for the Origin in 1859 
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Erasmus, one who would, perhaps, have indulged in some interesting speculations on 
natural history, but would not have been likely to make any major discoveries or 
to exert any important influence on scientific or general thinking. If he had been 
born in 1909, he might at most, I would hazard, have achieved some eminence as a 
professional ecologist. In the one case the time was unripe, in the other over-ripe. 

Kroeber has demonstrated that the effective manifestation of genius requires not 
only exceptional individual talent, but depends also on the circumstances and some- 
times the accidents of place and period ; nowhere is this better illustrated than in 
the person of Darwin. First of all, the scientific and intellectual atmosphere was 
propitious. The time was just ripe for the tying together of the facts of geology and 
biology by the unifying principles of evolution. Then, as a boy and young man, 
Darwin was able to indulge his early taste for natural history ; later, his financial 
independence enabled him to devote himself entirely to his own chosen work, and his 
invalidism prevented him from wasting time and energy in a round of social engage- 
ments and scientific meetings ; as an Englishman, he quickly came into contact with 
the ideas of Malthus, Lyell and Hooker, which were so decisive for his thought, and 
with Huxley, who was so important in spreading his doctrines ; above all, he had the 
luck to go as naturalist on the Beagle. 

Two circumstances of the voyage seem to have been of outstanding importance. 
First, he was able to study natural history, in its geological as well as in its biological 
aspects, on a continental scale, and so to appreciate the overall pattern of the fauna 
and flora, and also their gradual transitions and modifications of detail in relation to 
changing conditions of time and place. This forced him to think along broad lines, 
in terms of continuity and gradual evolutionary change, in a way that would hardly 
have been possible if he had stayed at home. In similar fashion the small extent but 
great geological variety of Britain prevented its scientists grasping the general prin- 
ciples of soil science, while the great expanses and broad zonation of the Russian 
landscape facilitated or even forced their recognition by Soviet pedologists. 

The other decisive circumstance was the Beagle’s visit to the oceanic archipelago 
of the Galapagos. Oceanic archipelagos are rare natural laboratories, in which en- 
quiring and receptive minds can find a demonstration of evolution and how it operates 
in practice. Darwin’s mind was both enquiring and receptive: it seems clear that 
his experiences here finally crystallized his thought and convinced him that evolution 
was a fact. 

Here biology must acknowledge its very real debt to Darwin’s uncle Josiah 
Wedgwood. Robert Darwin’s objections to Charles accepting the post of naturalist 
on the Beagle were so strong (and his influence on his son so powerful) that Charles, 
though eager to accept, wrote to refuse the offer. And it was only his uncle’s inter- 
vention that persuaded his father to withdraw his objections. 

Robert Darwin seems to have taken a rather poor view of Charles’s abilities and 
character. In fact, however, these must already have been impressive at the age of 
22. They impressed Henslow and Sedgwick at Cambridge; the Hydrographer to 
the Navy, in a letter to Captain Fitzroy, his future commanding officer, speaks of 
him as ‘full of zeal and enterprise and having contemplated a voyage on his own 
account to South America’ ; and Captain Fitzroy himself wrote to the Hydrographer 
on 15 August 1832, that ‘Mr. Darwin is a very superior young man, and the very 
best that could have been detailed for the task.’!® 

But I must return to my central theme. Whatever the contribution of others, 
Darwin stands out as the prime author and pre-eminent figure of the biological 
revolution. Wallace himself fully recognized this. It was he who first called 
Darwin the Newton of Natural History (or Biology, as we should say to-day), and 
coined the term Darwinism as the title of his own book on evolution. The evidence 


15 See Nora Barlow, p. 226f. 
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and the arguments marshalled by Darwin in the Origin were decisive in persuading 
leaders of scientific thought like Huxley and Hooker that evolution had occurred 
and that it was based on a natural and scientifically intelligible mechanism. 

Furthermore, his inhibitions over publication disappeared with the appearance of 
the Origin, and he proceeded to develop various aspects of the subject with remarkable 
speed and energy. Twenty-two years elapsed between his Opening his notebooks 
on the transmutation of species and the publication of the Origin, and 14 years between 
the writing of the Hssay and the appearance of the joint paper with Wallace. In the 
14 years after 1859 he published three truly major works—The Variation of Animals 
and Plants under Domestication, The Descent of Man and Selection in Relation to 
Sex, and The Hxpression of the Emotions in Man and Animals—and two minor 
(though still important) ones ; and if we take the period of 22 years we have to add 
five more volumes, ending with his last book, the fascinating study of earthworms.1? 

The emergence of Darwinism, I would say, covered the 14-year period from 1858 
to 1872; and it was in full flower until the 1890’s, when Bateson initiated the anti- 
Darwinian reaction. This in turn lasted for about a quarter of a century, to be 
succeeded by the present phase of Neo-Darwinism, in which the central Darwinian 
concept of natural selection has been successfully related to the facts and principles 
of modern genetics, ecology and paleontology. 

When we biologists take stock of our subject to-day, we speedily discover the 
magnitude of Darwin’s contribution; we see how much of his thought has become 
incorporated in the permanent framework of our science, how many of his ideas are 
still alive and fruitful. In the first place, we build on his demonstration that evolution 
has taken place, and has taken place by natural means, so that both its course and 
its mechanism can be further investigated by scientific methods. Then his ideas of 
continuity and gradual transformation remain basic for evolutionary biology—abrupt 
changes of large extent, as in polyploidy, are exceptional. He stressed the importance 
of time as a factor in evolution: for selection to produce changes of large extent, 
time must be forthcoming in enormous quantities—how enormous, we have only 
recently realized. It is by following out such ideas that evolutionary biologists are 
now calculating the actual rates of evolution in different groups. 

The principle of natural selection was Darwin’s greatest discovery, and it remains 
central to all biological thinking. Darwin’s tenacious and comprehensive mind 
insisted on deducing all possible general conclusions from the principle and on pursuing 
its implications to the limit. Thus natural selection, he saw, implied that evolutionary 
change would be gradual and slow. But perhaps his conclusions on biological 
improvement afford the most remarkable example of his capacity for bold yet careful 
generalization. Natural selection, he wrote, has as its ‘ultimate result... .. that 
each creature tends to become more and more improved in relation to their conditions. 
This improvement inevitably leads to the gradual advancement of the organisation 
of the greater number of living beings throughout the world.’18 

The first sentence refers to small-scale processes, and makes intelligible the omni- 
presence of detailed adaptation, or biological fitness as some modern workers prefer 
to call it. It also implies the point made explicitly by Darwin elsewhere?®, that 
natural selection can never produce characters which are solely or primarily useful 
to another species. The second sentence, referring to long-term evolution, extends 
the idea of improvement to cover improvement in general organization, and seems 
to be the first scientifically based argument for the inevitability of biological progress 
or evolutionary advance. 

He saw the implications of intra-sexual competitive selection in producing mascu- 
line weapons, and of inter-sexual allesthetic selection in generating masculine adorn- 


17 This was the expansion of a paper published 43 years previously. 
18 Origin, ch. 4, p. 127. 
19 Origin, ch. 4, p. 87. 
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ments and displays.2° In The Expression of the Emotions he laid the foundations for 
the modern science of comparative ethology. The very title of the book illustrates 
his robust naturalism: he saw clearly that the mental and physical characters of 
organisms are inseparable, and that emotions and intelligence must evolve as much 
as brains and bodily organization. He did not hesitate to extend his argument to 
cover man’s distinctive mental capacities, intellectual, esthetic, and moral.”+ 
While subscribing to the view that ‘the moral sense or conscience constitutes by 
far the most important differences between man and lower animals’, he considered that 
it had evolved naturally.22 I cannot forbear from quoting one characteristic passage : 
‘The following proposition seems to me in a high degree probable—namely that 
any animal whatever, endowed with well-marked social instincts, the parental and 
filial affections being here included, would inevitably acquire a moral sense or con- 
science, as soon as its intellectual powers had become as well, or nearly as well 
developed, as in man ’—though, he adds, it might not be identical with ours. And 
later he states that ‘the belief in spiritual agencies naturally follows from other 
mental powers.’”* 

It is clear that Darwin had fully grasped the important point that certain 
characters are what may be called consequential, arising in evolution as a consequence of 
the prior appearance of some other character, or because correlated with a change 
brought about by natural selection. Elsewhere Darwin stated this conclusion in 
general terms—‘ Owing to the Laws of Correlation, when one part varies or the varia- 
tions are accumulated through natural selection, other variations, often of the most 
unexpected nature, will ensue.’** 

Another of Darwin’s notable deductive conclusions concerns divergence (or 
cladogenesis as Rensch has called it). He was the first to realize that natural selection 
will lead inevitably to evolutionary divergence, both the small-scale divergence of 
related species, and the large-scale divergence which results in the appearance of 
distinct and well-defined group-units—genera, families, orders—in a hierarchical 
arrangement. Through the process of divergence each species exploits the resources 
of the environment more effectively, so that the large-scale result of divergence in the 
inhabitants of a region is comparable to the physiological division of labour in an 
individual body.*® 

Darwin was the first to see the evolutionary explanation of the facts, later sub- 
sumed by Haeckel under the head of recapitulation, concerning ‘ the wide difference 
in many classes between the embryo and the adult animal, and of the close resemblance 
of the embryos within the same class.’2¢ 

His studies on cross-fertilization, and the mechanisms for securing it, paved the 
way for modern work on heterosis or hybrid vigour (and its application in the hybrid 
corn industry), and for a general theory of breeding systems, such as C. D. Darlington 
has so successfully propounded. In combination with his exhaustive survey of 
variation under domestication, they contributed materially to the development of 
the sciences of plant and animal breeding. 

Finally, I must mention his conclusions on the processes by which new and success- 
ful types originate. While recognizing the importance of isolation, which we now 


20 See below, p. 9. 

21 Descent of Man, 2nd ed., chs. 3-5. 

*? Mrs Darwin was very antipathetic to the idea that all human morality has ‘ ero 
evolution ’ (see Lmma Darwin, by Mrs Lichfield, privately printed edition, 1004, eS 
and was anxious to avoid any suspicion that Darwin regarded spiritual beliefs as no ‘ higher ’ 
than their animal origins. She persuaded Francis Darwin to cut out various passages on the 
subject from the MS. of the Autobiography which his father had left for posthumous publication 
(see Nora Barlow, passim where the excised passages have been restored) 

% Descent of Man, 2nd ed., ch. 4, p. 149; p. 194, 

rigin, ch. 4, p. 86: see also ch. 1, p. . 
% Origin, ch. 4, “ 116. +P ea 
26 Autobiography, L. and L.,1; 86. 
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regard as a necessary pre-requisite for the Separation of one species into two27, he 
laid greater stress on the numerical abundance of the evolving species and the size 
of the area occupied by it. Greater abundance gives more chance for favourable 
variations to occur ; greater size and diversity of area leads to more vigorous compe- 
tition for survival, as well as providing greater opportunities for temporary isolation. 
Ail this will promote more rapid evolution, and the successful types will have a greater 
capacity for dispersal and for further evolutionary differentiation.?® In this, Darwin 
anticipated in a remarkable way modern views on the factors underlying the origin, 
spread, and diversification of new types, new unit-steps in the evolutionary process.?9 

It is also, I think, of interest to examine some of Darwin’s errors and omissions in 
the light of our present knowledge. His theory of sexual selection has been the 
target for bitter and sometimes violent attack. Tt is true that he did lump together 
various kinds of display, notably hostile display against rivals and sexual display 
to potential mates ; and that he ascribed much too great importance to female choice. 
But he grasped the essential point, that striking displays must have a biological 
significance, and must be what we now call allesthetic in character, exerting their 
effect by stimulating the emotions of another individual via its visual or auditory 
senses. And he was quite correct in ascribing the evolution of masculine weapons 
to intra-sexual selection as between competing males. 

Strangely enough, though he mentions cases where adornments are equally 
developed in both sexes, he dismissed the possibility of biologically effective mutual 
display between the actual or potential mates. Yet such displays are frequent 
and often striking, and must have been seen by naturalists before Darwin wrote the 
Descent of Man.®° I suspect that he was too deeply committed in his thinking to 
the ideas of female choice and male competition to envisage the possibility of mutual 
allesthetic stimulation. Further, in his treatment of the subject he states that 
sexual selection ‘acts in a less rigorous manner than natural selection *, because 
‘the latter produces its effects by the life or death at all ages of the more or less 
successful competitor’, while with the former, the less successful males merely 
‘leave fewer, less vigorous or no offspring.’* 

This strange error springs, I would guess, from his failure—perhaps inevitable 
at the time—to think quantitatively on the subject, coupled with his adoption of the 
phrase the struggle for existence, with its implications of an all-or-nothing competition, 
life or death. If he had ever spelled out natural selection in modern terms, as being 
the result of the differential reproduction of variants, he would at once have seen 
that any form of selection can vary in rigour according to circumstances, and indeed 
that intra-sexual selection between males in a polygamous species is likely to attain 
maximum selective intensity. 

Strangely enough, elsewhere Darwin drops his all-or-nothing view and assumes 
a differential action of natural selection. This is, so far as I know, the one major 
point which he failed to think out fully and on which he expressed divergent conclusions. 

Though Darwin, like T. H. Huxley, thought very little of Lamarck’s views on 
the mechanism of evolution—in a letter of 1844 to Hooker he writes ‘ Heaven defend 
me from Lamarck nonsense of a “ tendency to progression ”’, “ adaptation from the 
slow willing of animals, etc ’’. ?*—he did believe in the inheritance of certain ‘ acquired 
characters ’—the effects of the conditions of life and of use and disuse. Furthermore, 
he attached more importance to them in later editions of the Origin. It is this error, 


27 See e.g. Mayr, H., Systematics and the Origin of Species, New York, 1942. 

28 Origin, ch. 4, p. 107. 

29 See P. J. Darlington, Zoogeography, New York and London, 1958 ; also E. Mayr. [ 

80 Tt is, however, a curious fact that no such displays seem to have been scientifically described 
until much later. 

81 Descent of Man, 2nd ed. p. 349 ; see also Origin, ch. 4, p. 89. — 

%TL.andL.,2; 23. Seealso2; 29, 39, 207, 215; 3, 14,15: and for Huxley’s views, 2 ; 189. 
Darwin came to adopt asimilar attitude to the evolutionary views of his grandfather Erasmus Darwin, 
expressed in his Zoonomia, as being mainly mere speculation, insufficiently supported by facts. 


10 SIR JULIAN HUXLEY: [ FL ZP REVS 


which for want of a better term we may loosely call Lamarckian, with which present- 
day biologists most often reproach Darwin. ; =a 

It must be stressed, however, that he regarded these agencies as quite subsidiary 
to natural selection, which he consistently maintained was much the most important 
agency of evolutionary change. 

i Titeae i reat ‘ Beers clearly sprang from the total ignorance of 19th 
century biology on the subject of heredity. Fleeming Jenkin pointed out in 1867 
that, on the current theory of blending inheritance, even favourable new variations 
would tend to be swamped out of effective existence by crossing, if heritable variation 
in general was rare and infrequent.*? It was to provide for sources of more abundant 
variation that Darwin came to ascribe increased importance to the evolutionary 
role of ‘ acquired characters’. Only when the actual genetic mechanism had been 
discovered and its particulate (non-blending) nature had been established, could it be 
shown—notably by R. A. Fisher—that Lamarckian (and orthogenetic) theories of 
evolution were not only unnecessary but inherently incorrect. 

Disuse often does result in evolutionary degeneration: but, as H. J. Muller has 
shown, this is the result of mutation and selection, not of the direct inheritance of 
its somatic effects. 

Changed conditions again may have evolutionary results—but again not through 
their direct effects. They may result in increased variability, as Darwin stressed. 
But this is merely due to rare mutants and new combinations being able to survive 
in the altered conditions, and also to their arising as a result of inbreeding. 

In other cases a character which looks like a modification, a direct response to 
environmental conditions, turns out to be hereditary. We now know that such 
apparently Lamarckian results may be obtained in a non-Lamarckian way, by what 
Waddington calls genetic assimilation.** With characters which in normal stock 
are only produced by special environmental stimuli (for instance, reduced cross-veins 
in Drosophila wings by high temperatures), selection of those individuals showing the 
character in extreme form may, in a comparatively few generations, lead to the 
character appearing in a few individuals without exposure to the special stimulus ; 
and further selection, in normal environmental conditions, will produce an over- 
whelming majority showing the character. 

The developmental process leading to the phenotypic manifestation of such a 
character has both environmental and genetic determinants. During assimilation 
the genetic determinant has been strengthened, by selection for genes favouring 
manifestation, to a point at which the process has been genetically canalized and the 
environmental determinant is no longer required. But since selection acts not on 
genotypes but on phenotypes, the environmental determinant was originally necessary 
to produce something on which selection could operate. The result is a modernized 
version of Baldwin and Lloyd Morgan’s organic selection. Thus assimilation, not 
the inheritance of acquired characters in the usual sense, could account for the origin 
of various adaptations, such as genetically determined callosities in the exact 
i sect where they are specially required, and many adaptive features of plant 
ecotypes. 

_ Other adaptations, however, such as those of the hard parts of holometabolous 
insects, or those involving mimetic resemblance, demand explanation (as Darwin 
fully realized) in terms of natural selection acting on adaptively random genetic 
variation. But when virtually nothing was known about the mechanism of repro- 
duction, heredity, and development, many phenomena were more readily interpreted 
on a non-selectionist basis. 

__ It has been suggested that Darwin would have avoided falling into these pitfalls 
if only he had paid attention to Mendel’s work, which was published in 1865, in 
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plenty of time for Darwin to amend his views in later editions of the Origin. Ido 
not think this is so. It needed nearly 20 years of intensive research on suitable 
material such as Drosophila before the findings of genetics could be fruitfully inte- 
grated with evolutionary theory. Before that, most geneticists, obsessed by the 
obvious mutations with large effects which they naturally first studied. were led to 
anti-selectionist views and to the idea that evolution would normally take place 
by discontinuous steps, or even merely as the result of mutation-pressure. Only 
when they had arrived at a true picture of the genetic constitution as a flexible 
gene-complex in which many genes of small effect collaborate to produce phenotypic 
characters, only then could they see that discontinuity in the genetic basis of variation 
need not imply discontinuity in its phenotypic manifestation. Consequently evolu- 
tionary change, though due to selection of genetically discontinuous variants, can 
normally be continuous. 

Darwin had already arrived at this correct conclusion without any knowledge of the 
underlying mechanisms involved. With his usual common-sense he concentrated on 
phenotypes ; accordingly, continuous variation and gradual change became essential 
in his thought. I suspect that if he had known of Mendel’s results he would have 
regarded them as interesting but exceptional and relatively unimportant for evolution, 
as he had already done for other cases of large mutations and sharp segregation. A 
premature attempt at generalizing Mendelian principles would merely have weakened 
the central Darwinian principle of gradual slow change. 

There is, finally, Darwin’s failure to recognize explicitly the radical differences 
between man and other animals, especially between the process of evolution in man 
and in other animals. It is true that he speaks of high intellectual power and con- 
scious morality as distinctive attributes of our species, and implies that human speech 
is something sui generis as a means of communication® ; it is true that he regards man 
as the highest product of evolution.2* But nowhere does he point out man’s truly 
unique and most important: characteristic—cumulative tradition, the capacity for 
transmitting experience and the fruits of experience from one generation to the next; 
nor does he discuss the implications of this new human mechanism of change, as he 
did so exhaustively for the biological mechanism of natural selection. Thus, while 
overwhelmed by the thought that modern Europeans must be descended from 
ignorant savages, like the naked Fuegians who burst on his astonished sight, he makes no 
attempt to discuss or even to point out the fact that evolution from the savage to the 
civilized state involves essentially not a biological but a cultural change. 

Why was this? I suggest that it was because Darwin’s primary and main aim was 
to provide convincing evidence that organisms were not immutable creations but 
had evolved by natural means from something different ; and this implied a focussing 
of attention on their past history. This preoccupation of his with origins is revealed 
in the titles he chose for his two greatest works—The Origin of Species and The 
Descent of Man—though The Evolution of Organisms and The Ascent of Man would in 
fact have been more appropriate. : 

His tactics were probably sound: at the time, the main need was to establish 
on a firm basis the fact of evolution and its scientific comprehensibility. In recent 
years, however, we have turned our attention to the course of evolution ; and as a, 
result, have been enabled to reach a number of important conclusions about the 
evolutionary process in general, and our own place and role within it in particular. 
This has been largely thanks to the soundness of the foundations, both of fact and 
of idea, provided by Darwin. 

That evolution is a natural process, involving man as well as all other organisms 
in its unbroken continuity: that natural selection inevitably generates novelty, 
adaptive improvement, and advance in general organization: that successful types 


35 Descent of Man, 2nd ed., p. 932. 
36 Tbid., pp. 946-947. 
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tend to differentiate into dominant groups: that improvement of the mental capaci- 
ties of life, or as I would prefer to put it, advance in the organization of awareness, 
has been one of the most striking trends in the evolution of higher animals, and has led 
naturally to the appearance of the distinctive mental and moral qualities of man— 
these ideas of Darwin, I would say, have been especially important for the later 
lopment of evolutionary theory. ; 

orth study of eIEaOne eee following up Darwin’s ideas on divergence and 
the formation of dominant groups, has revealed that evolutionary advance occurs 
in a series of steps, through a succession of dominant types. This is the result of 
very long-term selection, selection between types or groups instead of between 
individuals. The more efficient type will automatically tend to spread and differen- 
tiate at the expense of the less efficient : itisassimpleasthat. Asa result, the more 
efficient type evolves into a large and successful group, while earlier groups with 
which it competes are reduced. Taxonomic groups are thus organizational grades 
as well as phylogenetic units. And the grade is the unit of evolutionary advance. 
On the large and long-term scale this process results in the familiar but essential 
fact of the succession and replacement of large dominant groups, each embodying 
some important new improvement and constituting a new organizational grade. 

Sooner or later, each group realizes all its inherent possibilities and becomes 
stabilized, incapable of major advance except through the rare event of some line 
evolving an organization with new advantages, and so permitting a break-through 
to a new grade of advance. This, it seems, can never happen twice, for competition 
with the established successful type will automatically prevent a second invasion 
of the same evolutionary territory. 

This was an important clarification of the biologicalscene. Meanwhile, the window 
that Darwin opened into the world of life permitted a new and evolutionary view 
of other subjects. Men began studying the evolution of nebulae and stars, of lan- 
guages and tools, of chemical elements, of social organisations. Eventually they 
were driven to view the universe at large sub specie evolutionis, and so to generalize 
the evolutionary concept in fullest measure. This extension of Darwin’s central 
idea—of evolution by natural means—is giving us a new vision of the cosmos and 
of our human destiny. 

Evolution in the most general terms is a natural process of irreversible change, 
which generates novelty, variety, and increase of organization: and all reality can 
be regarded in one aspect as evolution. Biological evolution is only one sector or 
phase of this total process. There is also the inorganic sector and the psycho-social 
or human sector. The phases succeed each other in time, the later being based 
on and evolving out of the earlier. The inorganic phase is pre-biological, the human 
is post-biological. Each sector or phase has its own characteristic method of opera- 
tion, proceeds at its own tempo, possesses its own possibilities and limitations, 
and produces its own characteristic results, though the later phases incorporate some 
of the methods and results of the earlier ones. 

The inorganic phase operates by physico-chemical interaction, proceeds with 
extreme slowness, and produces only low degrees of organization. On our earth and 
probably on a number of other planets, conditions favoured the production of more 
complex chemical compounds, culminating in substances capable of self-reproduction 
and self-variation, and therefore subject to a new mechanism of change—natural 
selection. The passing of this critical point initiated the organic phase of evolution, 
which proceeded at a much quicker tempo, produced far more variety, and reached 
far higher levels of organization. The great novelty of the biological phase was the 
emergence of awareness—psychological or mental capacities—to a position of in- 
creasing biological importance. 

Eventually, in the line leading to man, the organization of awareness reached a 
level at which experience could be not only stored in the individual but transmitted 
cumulatively to later generations. This second critical point initiated the human 
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or psycho-social phase of evolution. In this phase, though natural selection and 
physico-chemical interaction continued to operate, they were subsidiary to the new 
mechanism of change based on cumulative cultural tradition. As a result its tempo 
was again much accelerated, it reached still higher levels of organization, and. it 
estas quite novel results, such as laws, philosophies, machines, and works of 
art. 

In broadest terms, the biological phase of evolution stems from the new invention 
of self-reproducing matter, the human phase from that of self-reproducing mind. 

Man’s acquisition of a second mechanism, over and above that of the chromosomes 
and genes, for securing both evolutionary continuity and evolutionary change, a 
mechanism based on his capacity for conceptual thought and symbolic language, 
enabled him to cross the barrier set by biological limitations and enter the virgin 
fields of psycho-social existence. By the same token he became the latest dominant 
type of life, shutting the door on the possibility of any other animal making the same 
advance and disputing his own unique position. 

In the light of these facts and ideas, man’s true destiny emerges in a startling 
new form. It is to be the chief agent for the future of evolution on this planet. 
Only in and through man can any further major advance be achieved—though 
Sharm he may inflict damage or distortion on the process, including his own evolving 
self. 

It is in large measure due to Darwin’s work on biological evolution that we now 
possess this new vision of human destiny, and only by using Darwin’s naturalistic 
approach in tackling the problems of psycho-social evolution can we hope to under- 
stand that destiny better and to fulfil it more more adequately. 

Evolution in the psycho-social phase is primarily cultural: it is predominantly 
manifested by changes in human cultures, not in human bodies or human gene- 
complexes. (I am, of course, using culture in its broad anthropological and socio- 
logical sense, to include art and language, religion and social organization, as well 
as material culture.) 

But, though it thus differs radically from evolution in the biological phase, the 
process is still a natural phenomenon, to be studied by the methods of science like 
other natural phenomena. Machines, works of art, social organizations, educational 
systems, agricultural methods, religions, yes, and even men’s values and ideals, 
are natural phenomena, at once products of and efficient agencies in the process of 
cultural evolution. The rise and fall of empires and cultures is a natural phenomenon, 
just as much as the succession of dominant groups in biological evolution. 

Cultural evolution is based on the cumulative transmission of experience and its 
fruits, which provides a second system of heredity and variation, in addition to 
the biological system embodied in the gene-complex : for brevity’s sake we can call 
it tradition. Thus the selective mechanism which determines what elements shall 
be incorporated and what rejected in the system of tradition, and so decides between 
alternative courses of cultural evolution,must be primarily psychological or mental, 
involving human awareness instead of human genes, and directed towards the satis- 
faction of felt needs, instead of merely tending towards the survival of the more 
biologically fit: further, it operates only within the framework of human societies. 
We may call it psycho-social selection. ; 

Though natural selection is an ordering principle, it operates blindly ; it pushes 
life onwards from behind, and brings about improvement automatically, without 
conscious purpose or any awareness of an aim. Psycho-social selection too acts as 
an ordering principle. But it pulls man onwards from in front. For it always 
involves some awareness of an aim, some element of true purpose. Throughout 
biological evolution the selective mechanism remained essentially unchanged. But 
in psycho-social evolution the selective mechanism itself evolves as well as its products. 
It is a goal-selecting mechanism, and the goals that it selects will change with the 
picture of the world and of human nature provided by man’s increasing knowledge. 
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Thus as human comprehension, knowledge and understanding increase, the aims of 
evolving man can become more clearly defined, his purpose more conscious and more 
embracing. ; at if 

In the light of our present knowledge man’s most comprehensive aim 1s seen 
not as mere survival, not as numerical increase, not as increased complexity of 
organization or increased control over his environment, but as greater fulfilment— 
the fuller realization of more possibilities by the human species collectively and more 
of its component members individually. 

Darwin ended the Descent of Man with this characteristic passage: “Man may 
be excused for feeling some pride at having risen, though not through his own exer- 
tions, to the very summit of the organic scale ; and the fact of his having thus risen, 
instead of having been aboriginally placed there, may give him hope for a still higher 
destiny in the distant future. But we are not here concerned with hopes or fears, 
only with the truth as far as our reason permits us to discover it.’ 

To-day, building on the foundations provided by Darwinism, we can utilize 
evolutionary concepts in thinking about the history and future of our species. 
Human destiny need no longer be merely an affair of hopes and fears. In principle, 
it can be rationally defined on the basis of scientific knowledge, and rationally pursued 
by the aid of scientific methods. Once greater fulfilment is recognized as man’s 
ultimate or dominant aim, we shall need a science of human possibilities to help 
guide the long course of psycho-social evolution that lies ahead. 

On this centenary occasion we commemorate not only the birth and emergence of 
Darwinism, but also its achievement. In the past hundred years it has given us a 
comprehension of the biological past, and that comprehension is now beginning to 
illuminate the human future. 


ADDENDUM 


The following incident only came to my notice after this address was printed. Edmund 
Gosse, in Father and Son, records that already in 1857 the question of man’s descent 
from an orangutan ’ was being heatedly discussed, and that Lyell, anticipating that 
the announcement of ‘the doctrine of natural selection’ would provoke a public 
outery, felt that a bodyguard of sound and experienced naturalists, expert in the 
description of species, should be privately made aware of its tenour ’. Philip Gosse, 
F.R.S., was one of these and was accordingly ‘spoken to by Hooker, and later by 
Darwin after meetings of the Royal Society in the Summer of 1857’. 

However, instead of being converted, he was provoked into writing that extra- 
ordinary work Omphalos which attempted to reconcile geology with Genesis by 
claiming that all things must have been created perfect, in a completely developed 
state, so that Adam would have had a navel, and the earth would have appeared. 
complete with all the rock-layers and fossils it would have contained if evolution had 
actually occurred! He must have worked fast, for the book was published durin, 
the same year. ? 


Strangely enough, I can find no refi ili i i 
pe es ee reference to Philip Gosse in the Life & Letters of 
These facts indicate that in 1857 Lyell i 
l L ayell & Hooker must have thought that Darwin 
would be ready to publish his monumental work on Evolution by natural selection 
in the near future, whereas I consider that he would almost certainly have dragged it 
out for a number of years, if it had not been for Wallace. 
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DARWIN’S VIEWS ON THE RELATIONS BETWEEN 
EMBRYOLOGY AND EVOLUTION 


by Sir Gavrn DE Berr, F.RB:S. 
(Director, British Museum (Natural History).) 


Introduction. 


It has so long been thought that the relations between embryology and evolution 
were governed by the theory of recapitulation, that the discrediting of this theory 
has resulted in an impression that those who reject it also reject any relation between 
evolution and embryology. This is far from being true. It will be helpful to clear 
up the point by reference to the use which Darwin himself made of the argument of 
embryology when building up his case for evolution. Here, as in many other aspects 
of his work, it will be found that Darwin was nearer to what is now believed to be the 
truth than were some of his contemporaries. This can be shown by considering the 
progress of the theory of evolution in Darwin’s own mind, as revealed by the Sketch 
of 1842, the Essay of 1844, and the successive editions of the Origin of Species in which 
he incorporated some of his contemporaries’ views and arguments. 

Before embarking on the analysis of Darwin’s own views on embryology, it will 
be necessary to make a few essential preliminary observations. First it must be 
realized that at the time when Darwin was working, knowledge of embryology was in 
its infancy and amounted to little more than the foundations laid by von Baer 
in 1828, and they were purely descriptive. Not only was knowledge of comparative 
embryology extremely scanty, but the concept of experimental or causal embryology 
had not yet appeared at all. _ 

Next it must be remembered that scientific understanding of heredity was non- 
existent before Mendel’s work which was published in 1866, but only rescued from 
oblivion and recognized in 1900. All that Darwin had to go upon was a belief that 
like tends to beget like, and that the effect of a cross between parents of different 
characters was a blend. It will be noticed that such a view of heredity must lay 
stress on the search for resemblances between parents and offspring, for they are the 
only positive points of comparison, whereas the modern science of genetics is concerned 
with the distribution of variants among the offspring of parents, and is interested in 
differences no less than in resemblances between them. 

Finally it must be pointed out that in Darwin’s time, the study of embryonic 
development was still hampered by a confusion between two categories of thought 
representing different branches of science. The succession of stages between the egg 
and the adult is the proper field of embryology, but it was appealed to in order to 
provide an explanation of the resemblance between the adult and its parent, or in 
other words, of heredity. In his theory of pangenesis, Darwin imagined the existence 
of particles which were supposed to come from the different parts of the body of 
the parent and to be transmitted through the germ-cells to the offspring, which they 
then moulded so that it differentiated into a body like that of its parent. The cause of 
embryonic development and that of hereditary resemblance were thus combined. 
The result is that in the argument which Darwin derived from embryonic development 
for evolution, he is sometimes talking embryology and sometimes genetics. 


Embryology in the Sketch of 1842. 


In the Sketch of 1842, embryology is first appealed to for an explanation of the 
general unity of type which is shown by each group of animals. The appeal is to the 
similarity between early embryos of fish, birds and mammals, and, within the mammals, 
to the similarity at early stages of development between the rudiments of the wing of 
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the bat, the hoof of a horse, the paddle of a seal, and the hand of a man. Here, Darwin 
is following von Baer in the latter’s law of embryonic resemblance, and is using it 
to support his argument that the unity of type shown by animals within a group 
can only be explained by their common descent, and therefore by their mutual 
affinity. The argument is morphological and genetic, and embryos are used as 
additional material on which to demonstrate resemblances. It is incontrovertible. 

There follows a passage which shows that already in 1842 Darwin had grasped not 
only the significance of von Baer’s law of progressive differentiation, but had also 
anticipated Fritz Miiller’s principle of progressive deviation. It runs as follows : 
“ Tt is not true that one [form in its development] passes through the form of a lower 
group, though no doubt fish more nearly related to foetal state. They pass through 
the same phases, but some, generally called the higher groups, are further meta- 
morphosed.”! This is a succinct and accurate description of what happens in the 
innumerable cases where the young stages of developing animals resemble each other 
more than they resemble their adult stages, and more than the adult stages resemble 
each other. Darwin’s adoption of this view shows that he rejected the transcendental 
theories of Serres and of Meckel on which Haeckel later based his theory of recapitula- 
tion. 

Darwin’s reference to fish as “ more nearly related to foetal state’, means that 
the fish, representing a lower group, are less ““ metamorphosed ” in their ontogenetic 
development, and that their adults resemble their embryos more than the adults 
of the higher groups resemble their embryos. It therefore follows that the mammalian 
“ foetal state’? or embryo is ‘‘ more nearly related”, i.e. more similar, to the fish 
adult than to the adult of higher vertebrates in its ancestry. It is not difficult to see 
here the importance which Darwin attached to the visceral pouches of the mammalian 
embryo, and to the fact that the adult fish has gill-slits. 

In the similarity between the courses of the arterial arches in the embryos of 
different vertebrates, Darwin was struck not only by the closeness of their resemblance, 
but also by the fact that it was quite unrelated to the conditions of life in which the 
different embryos lived : “‘ How wonderful that in egg, in water [i.e. fish and amphibia] 
or air [i.e. reptile and bird], or in womb of mother [i.e. in mammal], artery should run 
in same course.’ It is one of the strongest arguments for affinity between those 
forms and for their community of descent ; and as they have undergone modification 
during their descent, it is evidence for evolution. 

The lack of correlation between embryonic structures and environmental conditions 
is then used by Darwin to develop his argument that selection is exerted on the adult 
but little or not on the embryo. The structure of each organism is chiefly adapted 
to the sustentation of its life when full-grown, when it has to feed itself and propagate. 
“ The structure of a kitten is quite in secondary degree adapted to its habits, whilst 
fed by its mother’s milk and prey. Hence variation in the structure of the full-grown 
species will chiefly determine the preservation of a species now become ill-suited to 
its habitat, or rather with a better place opened to it in the economy of nature. It 
would not matter to the full-grown cat whether in its young state it was more or less 
eminently feline, so that it [can] become so when full-grown.’ 

Larvae, on the other hand, are in a different category from foetuses because of 
their prolonged exposure to environment : “ In larvae, which have long life selection, 
perhaps, does much—in the pupa not so much.’ 

_ The argument of the greater exposure of the organism to selection in the adult than 
in the embryo is doubtless true as regards extrinsic selection, although embryos are 
not immune ; it is used by Darwin in conjunction with two other arguments. The 
first of these is that evolutionary novelties (Darwin called them “ variations ’’) appear 


1 Evolution by Natural Selection, Cambridge 1958, p. 78. 
2 Evolution by Natural Selection, 1958, p. 78. 
8 Hvolution by Natural Selection, 1958, p. 78. 
4 Evolution by Natural Selection, 1958, p. 79. 
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at some stage during development (“‘ most variation depends on early change ’’), and 
tend to appear in the offspring at the same stage. Before that stage, therefore, there 
is little or no “ variation”, and this is why the early embryos of different classes 
look alike. After that stage, “ variation” is found, and it is on this that selection 
works, producing results in the later but not in the younger stages. ‘‘ Look toa foetus 
and its [adult] parent, and again after ages [to a] foetus and its [adult] descendant ; 
the [adult] parent more variable than foetus, which explains all.’ 

_ It may be noticed that in the foregoing argument, Darwin imagined that evolu- 
tionary novelties arise during development in the ancestor and tend to appear at the 
same stage of development in the descendant, which is the point of view adopted to- 
day. It is contrary to the elaboration by Haeckel of his theory of recapitulation, which 
required that novelties which are to affect subsequent evolution must arise in the adult 
of the ancestor and be repeated, abbreviated, and telescoped into earlier and earlier 
stages of development in the descendants. The notion that the adult of the ancestor 
was the only stage at which evolutionary novelties of phylogenetic significance could 
arise, was in accordance with the Lamarckian view of the importance of use and disuse 
in the initiation of change, since it is in the adult that use and disuse were supposed 
to operate and produce their effects. 

Darwin’s second point is concerned with the delayed effect of ‘‘variations’’. 
When a tendency to an hereditary disease or other condition such as goitre, gout, 
baldness in man, or the shape of the horns in cattle, is attributed to a common father, 
it is necessary to believe that something happened at conception the effects of which 
le dormant for a long time until the organism is full-grown. 

In practising artificial selection for the production of domestic breeds of animals, 
man selects for the full-grown type. ‘The hereditary peculiarities characterizing 
our domestic races. . . . do not appear with their full characters in very early 
states ; thus though two breeds of cows have calves different, they are not so different 
—grey-hound and bull-dog. And this is what is to be expected, for man is indifferent 
to characters of young animals and hence would select those full-grown animals 
which possessed the desirable characteristics.’’® 

Applying the conclusions derived from a study of artificial selection on domestic 
animals to the effect of selection in nature, the result is therefore to explain the resem- 
blance between embryos as due to their constancy and lack of variation, which in 
turn depends on the facts that variation chiefly affects later stages of development and 
that embryos are not exposed to the effects of selection. Since embryos have the 
same hereditary endowment as adults, it is just as important to explain why embryos 
resemble each other as it is to explain why their adults differ. 

In all the foregoing argument, Darwin is concerned solely to show that resemblance 
between embryos is evidence of mutual affinity between stocks that have diverged 
by modified descent from a progenitor, and to explain their divergence in terms of 
variation and selection and of the different stages in the life-history of organisms at 
which these factors operate. It is one of the most powerful arguments in favour of 
evolution and is incontrovertible. Descendants have diverged from a common 
ancestor, but little has so far been said about what that ancestor looked like, or what 
information embryology could supply concerning it. 

The characterization of the ancestral form creeps into the argument as a result 
of the application of the evidence of embryology to the problem of classification. 
“ The natural system being on theory genealogical, we can at once see why foetus, 
retaining traces of the ancestral form, is of the highest value in classification.’’? 
This statement with which Darwin closes his section on Embryology in the Sketch 
of 1842, is perfectly acceptable to-day, and it will be noticed that while he claims 
that the embryo retains ‘traces of the ancestral form ”’ because it has been least 


5 Hvolution by Natural Selection, 1958, p. 81. 
6 Hvolution by Natural Selection, 1958, p. 80. 
7 Evolution by Natural Selection, 1958, p. 81. 
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acted upon by variation and selection, he does not claim that it represents the form 
of the adult ancestor. ; ; 

Summing up the argument in the Sketch of 1842, it may be said that evolution 
explains the resemblance between embryos of different species because of their 
community of descent and mutual affinity; different forms undergo progressive 
variation during their development ; selection acts on adults and on larvae and 
modifies them, whereas the embryo is left unaltered and therefore reflects the ** ances- 
tral form”; but species do not pass through the adult stages of their ancestors 
during their development, and there is no pressing back into earlier stages of develop- 
ment of characters which first appeared at later stages. In other words, Darwin's 
argument is free from the objections which beset Haeckel’s theory of recapitulation, 
and is unreservedly acceptable to-day. 


Embryology in the Essay of 1844. 


Written only a comparatively short time after the Sketch of 1842, it would not be 
expected that the Hssay of 1844 would differ greatly from it in its general form and 
concept. It is of course written out instead of being in the form of notes, and it is 
expanded in phrases of which some are of importance from the point of view of the 
present inquiry. For instance: “it has often been asserted that the higher animal 
in each class passes through the state of a lower animal; for instance that the 
mammal amongst the vertebrata passes through the state of a fish: but Miller 
denies this, and affirms that the young mammal is at no time a fish, as does 
Owen assert that the embryonic jelly-fish is at no time a polyp, but that mammal 
and fish, jelly-fish and polyp pass through the same state ; the mammal and jelly-fish 
being only further developed or changed.”® There is nothing to be altered in this 
demonstration to bring it into complete agreement with the modern view expressed 
in the principle of deviation, by which is meant that the early embryonic stages of 
the descendant represent the early embryonic stages of the ancestor, but that the 
descendant has undergone a different and more extensive later development than 
the ancestor. 

That this was Darwin’s opinion is made even more clear in the subsequent passage : 
“the similar course of the arteries in the mammal, bird, reptile and fish, must be 
looked at as a most ancient record of the embryonic structure of the common parent 
stock of these four great classes”’®. Since such resemblance is inexplicable on the 
theory of separate creations, this is the important contribution which embryology 
makes to evolution ; and the embryo of the descendant represents not the adult of 
the ancestor but its embryo, which determines its plan of structure in the case of 
vertebrates (but not in other cases such as that of insects). 

Finally, the Essay of 1844 expresses with great clarity the fact that “ variation 
of structure takes place at all times of life, though no doubt far less in amount and 
seldomer in quite mature life ’.1° There is little room here for Haeckel’s contention 
that evolution proceeds by piling new adult stages on to old ones. 


Embryology in the Origin of Species. 


The treatment of embryology in the various editions of the Origin of Species 
follows the same general outlines as the Sketch of 1842 and the Essay of 1844, but is of 
course amplified. Embryology is considered under the heading ‘“‘ Mutual Affinities 
of Organic Beings ”. There is, to start with, the argument from general unity of type 
which embryos show ; and to the embryos of vertebrates are added the “‘ vermiform 
larvae” of different insects which resemble each other more closely than do their 
adults. On the other hand, since larvae are under the influence of selection, “ cases 


8 Hvolution by Natural Selection, 1958, p. 224. 
® Hvolution by Natural Selection, 1958, p. 230. 
10 EHvolution by Natural Selection, 1958, p- 229. 
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could be given of the larvae of two species, or of two groups of species, differing quite 
as much, or even more, from each other than do their adult parents.” In most cases, 
however, the law of embryonic resemblance holds good, and the similarity between 
the larvae of cirripedes and those of other Crustacea enabled Vaughan Thompson 
to show that the cirripedes are Crustacea. 

Darwin then goes on to refer to the fact that while some animals show a large 
amount of change of shape during their development (< metamorphosis ”’) which 
may be progressive or regressive, others such as cephalopods and spiders show very 
little, where “the embryo does not at any period differ widely from the adult”. 
He then puts the facts in the form of five questions to which answers are required : 


1. The difference in structure generally found between an embryo and the 
adult into which it will develop ; 

2. the progressive difference in structure found between different parts of 
an embryo during development, which parts at the start were alike ; 

3. the common (but not invariable) resemblance between embryos or 
larvae of widely different species in the same class ; 

4. the absence of close relation between the structure of the embryo and 
its conditions of existence, as distinct from larvae living an active life which 
show marked adaptations to their surroundings : 

5. the possibility that the embryo may have a higher degree of organization 
than the adult form. 


Before giving Darwin’s answers to these questions, it may be pointed out that the 
first is aimed at nothing less than the fact of embryonic development itself, too often 
taken for granted, but appealed to by Darwin as an argument to show that great 
modification of structure takes place during development from the egg. In later 
editions of the Origin of Species this point is amplified with reference to the production 
of medusae by polyps, and to alternations of generations. He is out to show that like 
does not always beget perfect like. 

The second question again is embryological, but it had to wait until the application 
of experimental techniques to embryology before adequate answers could be given to 
the problem of differentiation. The third question is concerned with the mutual 
affinity between descendants of a common ancestor ; the fourth relates to the suscepti- 
bility of an animal to the effects of selection at different stages of its life; and the 
fifth is aimed at the phenomenon of retrogressive metamorphosis and degeneration. 

Darwin’s explanation of all five questions is based on evolution and on the 
following two principles : 


(a) The appearance of modifications at some (not very early) stage during 
the development, 

(6) the re-appearance in the offspring of such modifications at stages corre- 
sponding to those at which they first appeared in the parent.” 


To-day these two principles are at the centre of the problem of the time of pheno- 
typic appearance of mutations, of genetics, and of developmental physiology. It 
was no small achievement on Darwin’s part to disengage these principles a century 
before they became accessible to experimental study. 

Darwin shows that these two principles are applicable to man and to domestic 
animals, where they account for the fact that it is difficult to tell whether a child 
will grow into a tall or a short adult, that the merit of horses, cattle, and “ various 
fancy animals” cannot be discerned until some time after they have been born, 
that the characters of the horns in horned cattle only affect the adult, and that the 
characters of the caterpillar of the silkworm only affect the caterpillar. — 

Having found these principles useful in explaining certain facts in domestic 
animals, Darwin next proceeds to apply them to animals in the state of nature. He 


11 On the Origin of Species, Hd. 1, 1859, p. 440. 
12 Origin of Species, Hd. 1, 1859, p. 444. 
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shows how the appearance of evolutionary novelties in the development of verte- 
brates may be imagined as having modified the fore limb into wings, paddles or hands, 
the embryos remaining similar to each other and considerably different from the adults 
into which they will develop. As already explained in connexion with the Sketch 
of 1842 and the Essay of 1844, this is an application of von Baer’s laws of embryonic 
resemblance and progressive differentiation, and of Fritz Miiller’s principle of progres- 
sive deviation. It represents a morphological mode of evolution to which the term 
deviation is now applied. 

In some cases, however, such as cephalopods and spiders, and the short-face 
tumbler pigeon, the young closely resembles the parent. This is ascribed by Darwin to 
the appearance of modifications during early stages of development, either because 
they originally appeared at such stages in the parent, or because they have been 
inherited by the descendants to appear at an earlier stage than that at which they 
appeared in the parent. As to the question why such animals during their development 
should not undergo ‘“‘ metamorphosis’ (by which Darwin means marked change). 
he argues that it could be answered if the young had to provide for its own wants 
at an early stage of development, and if the habits of life of the young were precisely 
the same as those of the adult. In other words, selection might cause the young to 
resemble their parents. On the other hand, in cases where “ it profited the young to 
follow habits of life in any degree different from those of the parent’, such young 
“might easily be rendered by natural selection different to any conceivable extent 
from their parents.”1% 

The ability of the embryo to represent the ancestral type is given greater weight 
in the Origin of Species than in the Sketch of 1842 or the Essay of 1844. Since evolu- 
tion has mostly affected adults, “‘ the embryo is the animal in its less modified state ; 
and, in so far, it reveals the structure of its progenitor.”!4 It is likely that in formulat- 
ing these sentences, Darwin was influenced by Agassiz’s theory of three-fold- 
parallelism between palaeontological succession, systematic rank, and embryonic 
development, as is apparent in the following passage : 

“ As the embryonic state of each species and group of species partially shows us 
the structure of their less modified ancient progenitors, we can clearly see why ancient 
and extinct forms of life should resemble the embryos of their descendants—our 
existing species. Agassiz believes this to be a law ofnature.’5 It will be noticed that 
Darwin has not yet said that the embryo of the descendant represents the adult state 
of the ancestor, although this is clearly the implication which Darwin had in mind. 
But the most important point to notice is the immediate sequel in Darwin’s work : 
“but I am bound to confess that I only hope to see the law hereafter proved true. 
Tt can be proved true in those cases alone in which the ancient state, now supposed 
to be represented in many embryos, has not been obliterated, either by the successive 
variations in a long course of modification having supervened at a very early age, or 
by the variations having been inherited at an earlier period than that at which they 
first appeared,’’!6 

From this passage it is clear that Darwin did not wish to commit himself too deeply 
or specifically to the view that the embryo represents the adult ancestor, and this is 
further shown by the insertion in the 4th edition (1866) of a passage in which the 
embryo is referred to as “a picture, more or less obscured, of the progenitor, either 
in its adult or larval state ”,1” which is substituted for “ common parent-form of each 
great class of animals.’”48 Further, the reference to the conditions under which an 
embryo might be expected to reveal ancestral structure, shows that Darwin had 


13 Origin of Species, Ed. 1, 1859, p. 448. 
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appreciated the possibility of evolutionary novelties (which might conceal the an- 
cestral structure) having made their appearance at a very early stage of development, 
and of their affecting those early stages and sometimes also all the remainder of 
development, up to and including the adult. These possibilities correspond to the 
morphological modes now known as caenogenesis and paedomorphosis. 

It is now believed, that (except where caenogenesis has intervened) the ontogeny 
of the descendant repeats the early stages of the ontogeny of the ancestor, stage for 
stage, and that it substitutes new and different later stages for the old later stages 
of the ontogeny of the ancestor. This is only another way of saying that during its 
development a descendant does not pass through or recapitulate stages corresponding 
the succession of adult stages of its ancestor, but deviates progressively away from 
them. 

However, in so far as the early stages of development may lay down the general 
plan of structure of the organism, when a descendant repeats the early stages of the 
ancestor's ontogenetic development in the early stages of its own development, they 
may also, though not always, repeat the ancestral plan of structure. This is the basis 
for the general unity of type of related organisms such as the vertebrates, explicable 
only by their community of descent, but it supplies no direct information on the 
structure of the adult stage of the ancestor, beyond the inference that as the ancestor 
was ex hypothesi more primitive than the descendant, the adult ancestor probably 
differed less from its young stages than the adult of the descendant differs from its 
young stages. On the other hand, in the case of insects Darwin realized clearly (see 
below) that the larva represents no ancestral plan of structure at all. 

This definition of the modern position would not have been unacceptable to Darwin 
at the time when he wrote the Sketch of 1842, and the Hssay of 1844, and even in 
the Origin of Species this point of view is still recognizable in the words: “The 
embryo is the animal in its less modified state ; and in so far, it reveals the structure 
of its progenitor.”19 Unfortunately, Darwin then went on to adopt Agassiz’s view 
and to say that extinct forms of life resemble the embryos of their descendants. 

Here Darwin was flatly contradicted by his champion T. H. Huxley who pointed 
out as early as 1862 that “there is no real parallel between the successive forms 
assumed in the development of the life of the individual at present, and those which 
have appeared at different epochs in the past.’’?° 

A friend, from some of whose views Darwin might have been saved, was Fritz 
Miiller, for in the 4th (1866) and subsequent editions of the Origin of Species, Darwin 
quoted Miiller’s view that as the nauplius larva is widespread throughout the Crustacea, 
“it is probable that at some very remote period an independent adult animal, 
resembling the Nauplius, existed, and subsequently produced, along several divergent 
lines of descent, the above-named great Crustacean groups ”’.”4 

Here it is necessary to disagree with the Master. Crustacea are animals whose 
bodies are subdivided into large and varying number of segments. They were evolved 
from organisms like trilobites whose number of body-segments was even greater, and, 
more distantly, from worm-like forms in which the segments were more numerous 
still. The nauplius, on the other hand, has a very small number of segments and only 
three pairs of appendages. It represents nothing but the anterior tip of the organism, 
behind which the remainder later develops. It cannot possibly represent any adult 
ancestor at alk, and is a larval form precociously developed and adapted. to a free- 
swimming mode of life, in which it is capable of carrying out the function of dispersal. 
Except for the first three pairs of limbs, it does not even lay down a plan of structure 
for its adults. f 

The nauplius is evidence for the affinity between the many and various groups of 


19 Origin of Species, Ed. 1, 1859, p. 449; cf. Hd. 4, 1866, p. 532; Ed. 6, 1872, p.396; World’s 
Classics ed., p. 517. J 
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Crustacea which pass through this stage in their life-histories, and have inherited 
this larval form from a common ancestor which possessed it. The nauplius is there- 
fore evidence in favour of evolution, and this evidence would not be any stronger if 
the ancestral stage which the nauplius represents were the adult. 

Darwin’s appeal to embryology for evidence in favour of evolution is In no way 
affected by the dropping of these additions which he made to the later editions of 
his book. It may therefore be said that the abandonment of Haeckel’s theory of 
recapitulation in no way reduces the importance of the bearing of embryology on 
evolution. On the contrary, after the abandonment of the theory of recapitulation, 
the realization that evolutionary novelties may arise in the young stages of the ancestor 
and may be delayed into the adult stage of the descendant, has opened up wide new 
fields of study and explained many problems of evolution. : 

The application of these new principles which are summed up in the term paedo- 
morphosis have been described in works by W. Garstang and A. C. Hardy, N. J. 
Berrill and myself. Paedomorphosis is the term given to evolutionary results produced 
by the appearance of novelties in the young stages of the ancestor according to the 
morphological modes now known as deviation and neoteny. In the former, new 
stages of development are substituted for old, producing divergence ; in the latter, 
young stages of development of the ancestor are retarded into the adult stage of the 
descendant whose previous adult stages have been discarded. 

Here it is only necessary to point out that Darwin himself was not far from grasp- 
ing the principle of paedomorphosis. In the 4th and subsequent editions of the 
Origin of Species, he agreed that ‘the various larval and pupal stages of insects 
have thus been acquired through adaptation, and not through inheritance from some 
ancient form.’’? The use of the argument shows that Darwin recognized the principle 
of caenogenesis or the possibility of appearance of evolutionary novelties in young 
stages of development. Indeed, he said so explicitly in the following passage: “in 
a state of nature natural selection will be enabled to act on and modify organic beings 
at any age, by the accumulation of variations profitable at that age, and by their 
inheritance at a corresponding age.’’* 

That he recognized the importance of this principle for evolution is clear from the 
passage in which he said: “we can see how by changes of structure in the young, ... 
animals might come to pass through stages of development, perfectly distinct from 
the primordial condition of their adult progenitors ’4. This corresponds to the mode 
of evolution now defined as deviation. Then Darwin refers to the remarkable caeno- 
genetic adaptation of the parasitic beetle Sitaris, and goes on to say: “‘ Now, if an 
insect undergoing transformations like those of the Sitaris, were to become the pro- 
genitor of a whole new class of insects, the course of development of the new class 
would be widely different from that of our existing insects ; and the first larval stage 
certainly would not represent the former condition of any adult and ancient form’ 

In this remarkable passage Darwin imagines the possibility of a caenogenetic 
evolutionary novelty affecting its descendants and giving rise to an entire new Class. 
He does not specifically state that the adult stages of this new Class will be affected 
by the caenogenetic evolutionary novelty, but it is implicit in the premiss, since the 
descendants would not otherwise constitute “a whole new class of insects”. Darwin 
came therefore near to recognizing that the adult stage of the descendant may reflect 
the young stages of the ancestor. This mode of evolution, the precise reverse of 
recapitulation, is now defined as neoteny, which has played a most important part 
in paedomorphosis and is considered to have characterized the evolution of chordates, 


insects, appendicularians, Cladocera, copepods, siphonophores, ctenophores, ratites, 
and man, from their respective ancestors. 


2 Origin of Species, Ed. 6, 1872, p. 394; World’s Classics ed., p. 515; it may be compared 
with the corresponding passage in Origin Hd. 4, 1886, p- 530. 

8 Origin of Species, Ed. 6, 1872, p. 67; World’s Classics ed., Desc 

*4 Origin of Species, Ed. 6, 1872, p. 394; World’s Classics ed., p. 515. 

* Origin of Species, Ed. 4, 1866, p. 531; Ed. 6, 1872, p. 395; World’s Classics ed., p. 516. 
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It may also be noticed that Darwin acknowledged the possibility of variation in 
time of appearance of a structure in the life-history of ancestors and descendants 
and the importance of this principle for the solution of evolutionary problems. His 
example was a simple one, but the principle is clearly defined. Called upon to explain 
the parthenogenesis found in the larva of Cecidomyidae, he pointed out that it also 
occurred in the pwpa of Chironomidae and in the adult female of Coccidae: “ We 
have only to accelerate parthenogenetic reproduction by gradual steps to an earlier 
and earlier age, ... and we can perhaps account for the marvellous case of the 
Cecidomyia.’*® This is the principle known to-day as heterochrony. 

When Darwin wrote the Origin of Species, several years were still to elapse before 
the experimental method was introduced into embryological research, and before 
the establishment of Entwicklungsmechanik as a recognized branch of science accus- 
tomed biologists to think of ontogenetic development in terms of cause and effect, 
stimulus and response. In those early days embryological work was purely descriptive, 
and yet, here again, Darwin showed the measure of his insight when he deliberately 
considered “at what period of life each variation may have been caused”, and 
“at what period the effects are displayed ”’. 

This is not the first occasion on which an attempt has been made to appraise 
Darwin’s views on embryology. It was done fifty years ago by Sedgwick in an article 
of remarkable force in which, while extending full credit to Darwin for the impetus 
which his work gave to embryological studies, he showed how inadequate and falla- 
cious Haeckel’s theory of recapitulation was, for which reason he criticized this 
aspect of Darwin’s work. It would almost seem as though the value of Darwin’s 
speculations on the significance of embryological development is now more highly 
appreciated than it was. 

When it is remembered how limited was the state of knowledge of embryology 
when Darwin wrote, it is wonderful to see how sound was his judgment, both in 
argument and in imagination, when describing the relations between embryology 
and evolution. 


Note: “ Evolution by Natural Selection ” 1958 is published by the Cambridge 
University Press for the XVth International Congress of Zoology and the Linnean 
Society of London, and contains Darwin’s “Sketch of 1842” and his “Essay of 
1844.” 


28 Origin of Species, Ed. 6, 1872, p. 387; World’s Classics ed., p. 506. 


24 O. M. B. BULMAN: [J;1c8.Z.y SEV, 


PATTERNS OF COLONIAL DEVELOPMENT IN GRAPTOLITES 


By O. M. B. Burman, F.B.S. 
(Woodwardian Professor of Geology, the University, Cambridge.) 


(With 7 text-figures.) 


Graptolites are extinct colonial organisms of which the zooids were housed in 
linear series of chitinous thecae arranged uniserially along the branches of a rami- 
fying rhabdosome, or uniserially or biserially along a single branch. The nature of 
the organisms is doubtful, but certain structural features of the skeleton, such as 
the presence of a stolon-system and the histology of the periderm, suggest closer 
affinities with the Stomochorda than with any other living group. The rhabdosome 
often exhibits great regularity in branching and in many genera a steady and pro- 
gressive change in thecal form. It is difficult to make completely objective general- 
izations, and our knowledge of structural details still covers a relatively small part 
of the whole field, but some aspects of the rhabdosome patterns formed are discussed 
below. 


Thecal Budding 


The true graptolites or Graptoloidea are with reasonable confidence derived from 
the dendroid graptolites or Dendroidea through a transitional family (the Tremadocian 
Anisograptidae) assigned to the Dendroidea because of its typically dendroid branch 
structure. This structure is more complicated than that of the Graptoloidea and con- 
sists of three types of theca produced in regularly alternating triads related to a fully 
chitinized stolon-system. Of these three types, the autothecae and bithecae appear 
to have been occupied by dimorphic zooids, while the stolothecae had seemingly 
no distinct type of zooid, but are rather the immature proximal portions of successive 
autothecae (Fig. 14, B). Growth-lines of each stolotheca pass uninterruptedly into 
those of the succeeding autotheca, but the bithecal and daughter stolothecal growth- 
lines are “ unconformable ”. It is thus to be inferred that each autothecal zooid has 
been in turn the terminal zooid of the branch. 

Along the branches of the Graptoloidea, only one type of theca is present, and of 
this the metathecal portion seems to correspond to the autotheca of the dendroid, 
with a prothecal portion (Fig. 1c, D) corresponding to the dendroid stolotheca. Ifany 
actual stolons were present, they must have been unchitinized. Growth-line evidence 
again reveals a sympodial method of growth of the stipe. It has been conjectured 
(Kozlowski, 1949) that the dendroid dimorphism was probably sexual, the autotheca 
corresponding to the female zooid, and that evolution of the epiplanktonic Grapto- 
loidea was accompanied by a transition to hermaphroditism. 


Branching Mechanism. 


Branching in the Dendroidea is preceded by the production of two stolothecae at 
a single stolonal node, the extra stolotheca in all known examples replacing the 
bitheca of a normal triad (Fig. 1). Since the stolothecae are merely immature auto- 
thecae, this means in effect that a branching division results from the formation of 
two autothecae in place of the normal autotheca and bitheca (or, conjecturally, of 
two female zooids in place of the male and female pair). 

This branching is in many dendroids quite irregular, but the siculate Dictyonema 
flabelliforme (Hichwald) may show an approach to regularity, and regularity of branch- 
ing is apparent in many of the descendant anisograptids. The branching nodes must 
have been formed at approximately the same time at most or all growing points of 
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Fig. 1—Budding and branching mechanisms in the Dendroidea and the Graptoloidea. 


A, Diagrammatic figure of distal (growing) end of a dendroid stipe (branch) from the 
dorsal side, showing relations of the three types of thecae to each other and to the 
stolon-system ; B, schematic representation of dendroid branch structure. oc, Lateral view 
of proximal end of a graptoloid (Monograptus chimaera (Barrande)) showing relations of 
the protheca and metatheca; », schematic representation of graptoloid stipe to illustrate 
relation to dendroid structure. E, Diagrammatic figure of the division of a dendroid 
stipe with the production of two stolothecae. (St 4, St 4’). ¥F, Diagrammatic figure of 
the proximal end of the rhabdosome of T'etragrapius bigsbyi (Hall) showing in dorsal 
view relations of the early thecae and the “‘ double buds ”’ 31a, 31b and 32a, 32b. 


St1, 2 etc., stolothecae ; 7S¢2, 3, internal proximal portions of stolothecae ; thl, 2 etc. , 
autothecae ; bi1, 2 etc., bithecae ; s, sicula. 


2 


Stolon-systems shown in heavy black lines 
the stolon-system indicated by broken lines in fig. 1D is entirely hypothetical. 
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osome, and the frequency with which they recur is regular, and shows in 
be aN decrease deniae estos growth. Absolute regularity is aay 
if ever attained, and higher “‘ orders ”’ of branching generally tend to pee irregu 
than the lower ones, but the capacity for branching (the number of “ orders ~ pro- 
duced in the adult) and the frequency (which determines the length of ae 
“ orders” of branch) are specific characters of most anisograptids and a part o ; ce 
genetic ‘‘ make-up ” of the species. A few of the very large number of Clonograp a 
species, shown in Fig. 2, willserve to illustrate this. Anisograptus furnishes an eer 
of a slightly different sort ; in A. matanensis (Fig. 3B), (and A. norvegicus) Re Oo ne 
three primary stipes divides at slightly more than 1 mm. length (probably after the 


Fig. 2.—Rhabdosome form in some Clonograptus species showing different branching frequencies. 
The rhabdosomes are all partly damaged or imperfectly exposed and have not been restored. 
A, C. tenellus tenellus Linnarsson, B, C. tenellus callavei (Lapworth) (Tremadocian Sweden) ; 
o, OC. flexilis (Hall), p, C, rigidus (Hall) (Lower Ordovician, Canada); §, C. ramulosus 
Harris & Thomas (Lower Ordovician, Australia). aA—D, x 4, EB, X +. S marks the position 
of the sicula, the growth centre and point of suspension of the colony. From Westergard 
1909, Hall, 1865, and Harris & Thomas, 1938. 


formation of one theca) while the other two attain a length of 4-5 mm. before the 
first dichotomy, and exceptions to this are so rare as to be considered abnormalities, 
whereas in A. richardsoni (Fig. 3c) (and A. grandis) all three primary stipes are of 
comparable length. The regularity of first-order branching in A. matanensis does not 
result in symmetry as it does in A. richardsoni. It is also of interest to note that 
one specimen of Dictyonema flabelliforme is known which shows signs of regeneration, 
and the regenerated portion, although lacking the regularity of the proximal end, 
nevertheless reverts to a branching frequency approximating to that of the proximal 
end of the rhabdosome (Fig. 34). 

In the true graptolites, only one type of theca is present and branching must be 
due to the periodic formation of two zooidal buds in place of the normal one. In 
relation to the dendroids, there is a break here in the evolutionary sequence which 
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we still lack suitably-preserved material to investigate ; and there is as yet no 
detailed information on the relations of the two thecal buds to the parent theca except 
in Tetragraptus bigsbyt (Fig. 1F). But the true graptolites often exhibit a comparable 
regularity in rhabdosome form, implying that here too all growing points of the 
rhabdosome reacted similarly and more or less simultaneously ; as in the anisograp- 
tids, the spacing of branching nodes is a specific character. Both true graptolites and 
anisograptids were presumably suspended from floating seaweed by the nema, and 
were able to develop freely in all directions. Balance about the point of suspension 
would be maintained by regularity in branching, but the frequency appears to be a 
specific character. 

One of the most striking features about the succession of graptolite faunas through- 
out the Lower Palaeozoic is the general replacement of many-branched by few- 
branched colonies ; multiramous dichograptids are virtually confined to the lower 


3 5 : : : : tion 
Fig. 3.—a, Dictyonema flabelliforme (Eichwald) (‘Tremadocian, Shropshire) showing regenera 
oS in distal ee 8 of the rhabdosome. S = sicula; 1, 2, 3 etc. mark positions of the 
approximate zones of branching. 8B, Anisograptus matanensis Ruedemann (Tremadocian 
Canada) ; circles drawn round the sicula at 1 and 5 mm. c, Two growth stages of A. richard- 
soni Bulman (Tremadocian, Canada); circles drawn round the sicula at 1 and 24 mm. 
All figures x 1. 


of the Ordovician, unbranched bilateral rhabdosomes or the single-stiped bi- 
sea diplograptids predominate in the Middle and Upper Ordovician, while single- 
stiped uniserial monograptids entirely dominate the Silurian. The branching process 
therefore assumes real phyletic importance in the Graptoloidea. Reduction to a aie 
stiped (Didymograptus) stage may be through a centripetal decline in the power o 
dichotomy, as represented by the series: multiramous — 8-stiped OE aes 
—> 4-stiped (Tetragraptus) > 2-stiped (Didymograptus) ; though itis also probable t ; i 
many species of Didymograptus and Tetragraptus have arisen directly from ey i- 
ramous ancestors by an abrupt failure of all but the earliest dichotomies es 2 
sort of “ colonial neoteny ”’. With the attainment of the unbranched bilateral r ‘ 
dosome (Didymograptus, Leptograptus, Dicellograptus etc.) a state of considerable 
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morphological stability is reached, and only one “double bud ” is produced during 
the course of rhabdosome development. 


The Proximal End in Diplograptids. 


igi iserial di ids i lems of grapto- 
The origin of the biserial diplograptids is one of the unsolved prob 
lite anche Their earliest representative, Glyptograptus dentatus, occurs 1n i 
Arenig of Britain; by Llanvirn times, it and its descendants are almost world-wide 
in distribution ; and throughout the Middle Ordovician, biserial graptolites steadily 
increase in numbers and importance. 
At the proximal end of the typical biserial graptolite, the first three thecae (thl11, 
thl2 and th2!) are alternating in origin, but the third theca (th2') produces two buds 
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Fig. 4.—Thecal diagrams showing the mode of development of the proximal end of the rhabdosome 
and relations of the early thecae in dichograptid, isograptid, leptograptid and diplograptid 
types of development. The thecae carrying the “ double bud” are indicated by stipple. 


(th2? and th3!) which stand at the base of two linear series of thecae separated by a 
median septum (Fig. 4). Even in the bilateral rhabdosomes of dichograptids, lepto- 
graptids and dicellograptids, there is a tendency to delay the formation of this 
“double bud” from th1" to thl? and from th1? to th2!, but there the process goes no 
further (Fig. 4). With the establishment of the scandent biserial rhabdosome, it can 
and does proceed further, the generation of the “‘ double bud ” being deferred from 
th2* to th2?, th3! or any later theca, and more and more of the early thecae alternate 
in origin. In some diplograptids, the entire rhabdosome consists of alternating thecae 

* Tam leaving out of consideration here the so-called branched leptograptids. Their branching 


is lateral, not dichotomous, and its details are completely unknown ; it may prove to be in the 


nature of cladial development (see later). The ancestry of these forms and their relation to 
lateral-branched dichograptids is also uncertain. 


J.L.S.B. LVI] COLONIAL DEVELOPMENT IN GRAPTOLITES 29 


and there is no median septum. The diplograptid fauna as a whole is not affected by 
this trend—there are numerous late Ordovician and Silurian diplograptids with a 
complete septum—but it affects side lines repeatedly, and, for example, the point of 
origin of the septum in the varieties of Climacograptus scalaris can be used as a zonal 
indicator. It would seem that the tendency of the early Ordovician graptolites to 
eliminate branching divisions is here expressed in a rather different way. 


Thecal Variation in Monograptids. 


The ultimate limit of simplification in form of the graptolite rhabdosome is reached 
in the Silurian with the unbranched, uniserial, scandent rhabdosome of the mono- 
graptids. Here again, the origin of the rhabdosome type was sudden and its mode 
of evolution is still a matter of speculation ; but at no stage during development now 
is a “double bud” ever produced. Nevertheless such a rhabdosome may exhibit a 
very distinct pattern of a different sort, due to a regular variation in the form of the 
constituent thecae along the branch. 

Among Dendroidea, the form of the autothecae throughout the rhabdosome is 
uniform for any particular species, and the whole range of variation throughout the 
order is not particularly great, though the bithecae show rather more and perhaps 
capricious variability. With the origin of the Graptoloidea, a new feature is seen : 
the thecae exhibit a regular increase in size to a specific maximum, so that the branches 
are of uniform width only in their mature portions. Among the Dichograptidae, with 
their characteristically simple, tubular thecae, there is little further differentiation, 
but other families may exhibit a wide range of variation in the shape of the thecae 
in a colony. This feature has been investigated more closely in the Monograptidae 
but is by no means confined to this family ; dicellograptids, dicranograptids and 
diplograptids all provide examples. 

Such variation is absolutely regular, and is a striking if not unique feature of the 
colonial development of graptolites; apart from a few pathological specimens, 
irregular thecal variation is unknown. The available evidence suggests that new types 
of thecae appear at the proximal end of the rhabdosome, gradually losing their dis- 
tinctive character as the colony grows to maturity ; and that in a phyletic series, the 
new types spread further and further along the rhabdosome. Westoll (1950) has 
linked this phyletic change in form with increase in thecal size, suggesting that in early 
members of the “ hooked trend’, for example, the whole series of thecae (Fig. 58) 
could be regarded as potentially hooked if the thecae could grow large enough. This 
“ potential hypermorph ” concept appears at first sight to offer an attractive explana- 
tion of the remarkable “ katagenetic ”’ members of the hooked trend (M. cf. colonus), 
but it ignores certain differences in prothecal and metathecal form and it is by no 
means certain that it can apply even here; in the isolate and triangulate “lines ”’ 
(Fig. 6) the whole shape of the thecae (prothecal and metathecal portions alike) 
changes progressively, and the operation of some factor of gradually decreasing 
intensity throughout the colonial unit appears a more probable explanation. 


Cladia Formation in the Cyrtograptids. 
In Middle Silurian (Wenlock) times, a new rhabdosome pattern appears with the 
** pseudo-branched ” monograptid, Cyrtograptus. Since the “ branches ”’ or cladia are 
themselves scandent and possessed of a virgula, they are clearly not true branches: 
but their detailed structure and mode of development have only recently been made 
known through Thorsteinsson’s work on Canadian material dissolved out of a lime- 
stone matrix. At present, details have been published only for C. rigidus with its 
solitary cladium, but he has claimed that the underlying principles are equally appli- 
cable to species with a more complicated pattern of growth. 
Each cladium originates at the aperture of a theca on the parent rhabdosome as a 
tubular outgrowth, accompanied by the development of a secondary lateral aperture 
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argenteus priodon 


Fig. 5.—Thecal variation in monograptids. 


A Monograptus argenteus (Nicholson) (Lower Silurian) showing progressive change in form of the 
thecae through the rhabdosome. This species is regarded as one in which the hooked type 
of theca is being introduced at the proximal end. Outline figure represents the entire 
rhabdosome x 2; individual thecae are restorations x 10 in full relief, based on 
pyritized specimens. Growth lines partly conjectural (from Bulman, 1951). B, Diagram 
illustrating the explanation of the introduction and loss of hooked thecae in the priodon 
series on the ‘‘ potential hypermorph ” concept (from Westoll, 1950). 


&, Sy 


Fig. 6.—Thecal variation in monograptids. 


A, M. triangulatus (Harkness), 8B, M. denticulatus Térnquist (Lower Silurian). Outline figure 
represents nearly complete rhabdosome x 2; individual thecae in full relief, x 10; 


: 


growth lines partly (ériangulatus) or largely (denticulatus) conjectural (from Bulman, 1951). 
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to the mother theca. Until the production of its cladium, there is nothing to dis- 
tinguish the mother theca from any other theca on the main stipe, but for many 
species the position of the mother theca (reckoned from the proximal end) is nearly 
constant, and if more than-one cladium is present in the adult of the species, their 
spacing is regular’. The first signs of a developing cladium become visible in 
C. rigidus on th9 (+ 1) when the main stipe has developed to th13 (+ 1), and its 
earliest developmental stages occupy a time represented by the addition of three or 
four more thecae, so that the first thecal segment of the cladium is completed only 
when the main stipe has reached ¢h16 (-- 1). In other words, the cladium does not 
start to develop until some three or four thecae have budded off distally to the 
mother theca, and an additional three or four grow on the main branch during the 
completion of the first thecal segment of the cladium. 


Fig. 7A complex Cyrtograptus (Middle Silurian) with cladia of two orders. Approximately 
contemporaneous thecae are connected by broken lines. xX 1. s, Sicula. B, c, D, diagram- 
matic enlargements to illustrate differences between the form of the thecae from the 
proximal (B), middle (c) and distal (D) portions of the rhabdosome. 


Progressive change in thecal form is usual in the cyrtograptids and the shape of 
the first cladial theca corresponds closely to that of the contemporary theca on the 
main stipe. Thereafter, thecae are added to both at the same rate, and progressive 
change in the main stipe thecae is paralleled in the thecae of the cladium, so that at 
any time thecae of the same type (same size and form) are being added at both the 
growing ends of the composite rhabdosome. Thorsteinsson’s material includes many 
complex cyrtograptids, and he claims that this intimate relation applies equally to 
those with several cladia and even to those with cladia of two or more orders (Fig. 7). 
This means that in a complex cyrtograptid, comparable gradually changing thecae 
are being added, by asexual budding, to each of many separate growing points of the 
colony. 

2 There seems to be some variation in European material, though the subject has not been 
systematically investigated ; but in the rich and beautifully preserved material from northern 
Canada, Thorsteinsson claims (in litt.) that the positioning of the cladia is remarkably regular 
and in some species perfectly constant. 
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Summary. 

The examples of rhabdosome development described above clearly suggest that the 
graptolite colony is far from being a haphazard aggregate of individuals, but behaves 
as a complex unit of which the pattern is often precisely regulated. This regulation, 
which is effected through the budded succession of individuals, appears as something 
comparable with the varying field of growth potential of a solitary organism and 
perhaps finds its closest parallel among metamerically segmented animals. ; 

Branched rhabdosomes typically show great regularity and symmetry in the dis- 
position of their branches, whether these result from the periodic substitution of a 
stolotheca for a bitheca (as in siculate dendroids) or the production of two buds in 
place of the normal one bud. All growing points of the rhabdosome react more or less 
simultaneously and the frequency with which divisions occur is recognized as a specific 
character. There is commonly a steady decrease in branching potential as the colony 
approaches maturity and the regularity becomes noticeably less in higher “ orders <3 
of branching. Simplification of the rhabdosome by reduction in the number of 
branches is a “trend ”’ affecting the whole order Graptoloidea, resulting ultimately 
in the production of a single chain of a limited number of individual zooids. 

Distinctive also of the Graptoloidea is a regular and progressive variation in the 
form of the thecae through the colony. In certain species, these changes are mainly 
in proportion, such as could possibly be related on a growth gradient to absolute size 
and length of development, but the majority involve a definite change in shape 
transmitted through a linear budding series. This thecal pattern finds its most com- 
plicated expression in the cyrtograptids, where cladia are developed from certain of 
the thecae after an appreciable lapse of time and yet the change in thecal type in the 
main branch appears to affect sympathetically and more or less simultaneously all 
the growing points of many successive cladia. 
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TRANSFERENCE OF FUNCTION 


By E. J. H. Corner, F.B:S. 
(Botany School, Cambridge.) 


(With 2 text-figures.) 


The systematic comparison of plants, and probably of animals, shows that a 
property which occurs in an organ, tissue, or cell-layer in one case may occur in other 
parts of the body in other cases. The property is the same, but its site of development 
has shifted. These deviations are found at all levels of classification ; the transference 
of function, therefore, as I have called the process (Corner, 1949a, p. 381 ; 19495, 
p. 360) is a method of evolution. 

A simple example is the presence of anthocyanin in the flowering-plant. At some 
stage in development, the colour appears. In one variety the underside of the leaf 
may be red, or merely the veins, or the petiole or node or internode, or the colour may 
appear only in young leaves or old leaves, or only on insolated surfaces. Such small 
differences are usually passed over, though of horticultural value; yet, they raise 
the question why one part of the epidermis should be different from another. There 
is not just the property to be considered, but the site of its materialization. Pre- 
sumably the property is inherent in all the cells, but only in certain parts of the body 
do the circumstances evoke it. A hereditary character consists of two parts, the pro- 
perty and, what must be more complex, the conditions which materialize it. Thus I 
understand the evolution of the property as anagenesis in the first place, and the 
diversification or cladogenesis of its occurrence. Stasigenesis of Huxley (1957) is 
shown by the widespread pigmentation of petals rather than sepals. When, with the 
loss of petals, the calyx becomes pigmented, there is a profound modification of floral 

organization, as Miss Saunders (1933) has explained. A remarkable instance is 
Saraca (Leguminosae-Caesalpinioideae-Amherstieae). Its petals are lost ; the tetra- 
merous calyx takes their function and their vascular supply ; the inner whorl of 
stamens takes the place of the petals ; and the outer whorl of stamens is variously 
reduced (Text-fig. 1). S. thavpingensis Cantley ex King has the effective formula K4 
CO AO + 4, but the full vascular supply K5 C5 A5 -++ 5, the petal-bundles lying in the 
sepals and the bundles of the undeveloped stamens ending blindly in the receptacle 
(Rao & Sirdeshmukh, 1954). The derivation of this flower can be traced through other 
species and such allied genera as Pahudia, in which the four petals, other than the 
standard, soon abort and the inner stamens encroach upon their positions. There 
is no metaphysical problem whether sepals are homologous with petals or petals with 
stamens or whether any of them are defined by vascular bundles ; indeed, there is 
nothing new in this flower but the transference of function from one part to another 
and degeneration characteristic of the zygomorphy of the tribe. Yet, the transference 
of colour is here the outward sign of intensive evolution. 


Floral Examples. 


Most cruciferous inflorescences have no bracts, save at the beginning of the raceme. 
The bracts can be traced on the stem-apex as inhibited leaves. As the inflorescence 
develops, the inhibition increases ; the flower-primordia occur at first in the axils 
of microscopic bracts, and then the primordia which should become bracts become 
flower-buds directly. That is, the stem- (inflorescence-) apex produces in phyllotaxis 
not leaves (bracts) but stems (flower-buds) without attendant leaves. Here, again, 
there is no metaphysical problem such as whether a phyllome-system is turning into 
a telome-system or a cruciferous inflorescence is not homologous with a vegetative 
shoot, but a direct and observable transference of the properties of engendering a 
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r-bud from the axillary position to the primary primordial position. I write 
ae because it can be et in a few minutes on dissecting the young hee 
of Capsella under the binocular microscope, which I take as my first practica a 
advanced taxonomy ; it is not in the books. Nevertheless, the same Rees ae 
occur in composite capitula and aroid spadices without interfloral bracts, t ee : sO 
subtly as scarcely to excite remark. The process must be the explanation, at least in 
part, of the notable epiphyllous flowers borne on mid-ribs (Stork, 1956). 


Text-rig. 1.—Leguminosae- Caesalpinioideae- Amherstieae. 

Flower-buds showing the primordia of petals, stamens and ovary (central), the sepals cut off but 
numbered in order of development (2 and 5 connate), x 50. 

Sections of full-grown flower-buds at the level of insertion of the sepals to show the sepal v.b. 
(black), the petal v.b. and their sepaline derivatives (white), the staminal v.b. (dotted), 
and the ovary v.b. (hatched), x 15. 

A, B, Hymenaea courbaril L. (K4 C5 A5 + 5): 0, Pahudéa rhomboidea Prain (K4 Cl A383 + 4): p, 
Saraca declinata Miq. (K4 CO A3 + 4): 5, F, Saraca thaipingensis Cantley ex King (K4 
CO A 0 + 4); the inner whorl of stamens (i). 


Condensed inflorescences simulate single flowers. Outer bracts resemble sepals, 
inner bracts or neuter flowers petals, male flowers stamens, and central fruiting 
florets carpels. Such inflorescences are condensed because there is no internodal 
extension (that of the female flower in Luphorbia simulating the gynophore), and on 
the broadened inflorescence-apex the many small flowers are crowded. It is under 
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conditions of complicated proximity that transference of function is to be expected ; 
the circumstances under which properties materialize are there likely to overlap. 
There is, again, no need to appeal to a metaphysical floral “ Gestalt”, but to perceive 
the way in which floral properties precociously pervade the stem-apex co-extensively 
with inflorescence properties. Such inflorescence-flowers, in fact, affirm the floral 
properties by transferring them to the greater scale of the inflorescence. A precise 
example is afforded by Parkia (Leguminosae-Mimosoideae). In the Amazonian 
section Paryphosphaera (Ducke, 1938), the large clavate capitulum has sterile, petaloid 
basal flowers, then many functional male flowers, and about a dozen apical perfect 
flowers which set individual pods. The compound fruit of Parkia resembles in its 
inflorescence-stalk, head, and bunch of pods the simple fruit of Archidendron, of the 
same subfamily, where the pods are from the numerous carpels of the one flower. 
Archidendron has simple capitula without transference of floral properties, but 
Penitaclethra, allied with Parkia, with petaloid stamens is in some measure intermediate; 
it shows how the steps in cladogenesis may be revealed by allied genera. 

The synearpous ovary has always been a problem, now beset with many artificial 
theories. In essence it is an intercalary growth at the base of the free or apocarpous 
carpel-primordia, which thus become elevated on the new “ ovary-box ”. This seems 
a new feature, but it is merely concerted internodal growth. However, the point is 
that most of the properties of the apocarpous ovary become transferred to the new 
intercalation, namely the placentas with the ovules, the vascular supply, the post- 
fertilization development of the carpel-wall and the method of dehiscence. This has 
led to the quibble about the number of carpels in the syncarpous ovary, which is a 
misnomer without carpels, though the functions of the original carpels have been 
transferred to it in a manner suggesting the fallacious idea of fused carpels. The posi- 
tions of the placentas may also be transferred within the syncarpous ovary (Puri, 
1952), ending in the single terminal ovule, as in Gramineae. Then in the inferior 
ovary, the original carpel-functions are variously transferred to the receptacular 
tissue, or sepal-internodes, particularly the post-fertilization development of the 
ovary-wall into the fruit. These well-known, but too often mis-stated, modifications of 
the flower show how the transference of function puts orthodox morphology into the 
state of flux in which teratological phenomena are the exaggeration. In floral morph- 
ology, on which phylogenetic classification so much depends, it is necessary to formu- 
late an archetype and to define both its properties and their spatial dispositions, as 
Wardlaw has recommended (1956), in order to follow the diversification caused 
by transference of these functions to new regions of intercalary growth. These regions, 
such as the corolla-tube and receptacular tube, may be minor steps in anagenesis, 
but their polyphyletic parallelism implies rather that they are also transferences 
of meristematic activity from apical to basal regions of primordia ; the intercalated 
regions of the flower do not add anything really new to floral construction. The 
diversification, or cladogenesis, of both flower and fruit seems, therefore, to have been 
largely the transference of the functions of the original free primordia to the receptacle 
or parent stem, the acorn being a crowning achievement. 


Fruit Examples. 


As just mentioned, the properties of the syncarpous superior fruit are transferred 
to the receptacular wall of the inferior fruit. Fleshy peduncles and fleshy sepals seem 
to be similar examples of the transference of fruit-fleshiness, the primitiveness of which 
I have argued elsewhere (Corner, 1949a, and 1953). Thus, the fleshy peduncle and 
dry nut of the cashew (Anacardium) is a mango with the pulpy property of the pericarp 
transferred to the fruiting peduncle: experiments with strawberries (fragaria) 
suggest that here, too, the cause may be the change in site of the receptor of the hor- 
monic stimulus emanating from the developing embryo. In fleshy inflorescence- 
fruits, such as pineapple, pandan, breadfruit, and fig, complicated transferences of 
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pulpy and sclerotic layers occur, recalling the transference of flower-properties in 
inflorescence flowers. In the Moraceae, the original fruit seems to have been a drupe, 
the fleshiness of which has generally been transferred to the sepals, as in the mulberry 
(Morus), or to the inflorescence-axis as in some of the breadfruit-allies and in the figs. 
The fruit of Carludovica shows transferences of the palm-fruit properties, paralleled 
by Monstera in the Araceae. Similar to the Moraceae, is the case of Pernettya and 
Gaultheria in the Ericaceae, Pernettya having the fleshy pericarp and thin calyx, 
Gaultheria the fleshy calyx and thin pericarp ; in Vaccinium the receptacle is fleshy, 
as the inferior berry. In Ricotia (Cruciferae) the pods may contain winged seeds or 
the pod may be indehiscent and winged. Sterculia alata Roxb. has winged seeds and 
in the allied Tarrietia it is the one-seeded pods which are similarly winged. In the 
rhubarbs (Rheum) the fruit is winged along the three angles, but in the docks (Rumezx) 
it is the persistent sepals, not the three-angled fruit, which may be winged. The 
position of the viscin-layer in the Loranthaceae, according to Danser (1931), is either 
outside the vascular bundles (Loranthoideae) or inside (Viscoideae), suggesting 
transference from some ancestral position. 

There are many analogies between fruit and seed in allied plants which must 
express transference of function, and, be it noted, this transference, as with inflorescence- 
flowers, seems always to be from the central or apical region towards the the basal 
as though the disturbing influence came from below and the centre was left solely 
with the function of embryo-development. Thus, division of labour is but an aspect of 
the process. 


Seed examples. 


It was the study of the intricate microscopic structure of the coats of large seeds 
which brought this whole problem to my attention, where fortunately there had been 
no theory to obscure the facts. The annonaceous seed-coat, developed from the outer 
integument, has, besides layers of crossed fibres, cell-layers with crystals and cell- 
layers with oil-cells, both of which vary in position in different genera, but the most 
remarkable transference occurs in those genera with a middle, or fourth, integument 
(Corner, 1949a, pp. 360-361). The middle integument develops after fertilization and 
it, alone, has the characteristic fibres and crystal-cells. It seems that the normal 
differentiation of the outer integument is here transferred entirely to the new integu- 
ment and that there is not merely the transference from one normal structure to 
another, though this, too, occurs abundantly. Thus, the palisade-layer of columnar 
Malpighian cells (macrosclereids) occurs in different positions. In several families, 
of which the Leguminosae are the best example, the layer is the outer epidermis of 
the outer integument (Corner, 1951). In the Cucurbitaceae the layer is hypodermal 
(Singh, 1953). In Myristicaceae it is the inner epidermis of the outer integument. 
In many others, as the Bombacaceae, Malvaceae, Tiliaceae, Sterculiaceae (Venkata 
Rao, 1950), Euphorbiaceae (Singh, 1954), Bixaceae and Celastraceae, it is the outer 
epidermis of the inner integument. The property appears to be the same in all, but 
its position differs. 

I extended the principle to the aril and its derivatives, arguing that the sarcotesta, 
or fleshy seed-coat, which is so often associated with degenerate arils, might not be 
merely the undifferentiated testa, but one to which primitive aril-properties have been 
transferred (Corner, 1949, 1953). Objections have been raised by van der Pijl who 
maintains the converse that the primitive properties of the sarcotesta, as found in 
pteridosperms and gymnosperms, have been transferred to the aril as a new outgrowth, 
similar, I suppose, to the middle integument of the Annonaceae (v.d...Pijl, p195a: 
especially fig. 1, p. 59, and 1956). Our disagreement arises from the two legs of evolu- 
tionary theory, the palaeontological and the living, and I am not persuaded by 
inference from pteridosperms either that angiosperms must have been derived from 
them or that the sarcotesta of Magnolia is primitive or homologous with that of 
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Cycas. For the present my point is to show that, in order to write this great chapter 
of plant-morphology on the evolution of the seed, the extreme intricacy of the structure 
demands analysis into properties, sites and transfers. The aril, itself, exemplifies 
the transfers because it may arise from several different parts of the seed, as from the 
funicle-apex (Leguminosae, Dilleniaceae, Papaveraceae), and the micropyle also (Anno- 
naceae, Nymphaeaceae, Myristicaceae, Bombacaceae, Celastraceae, Sapindaceae), 
from the chalaza and not the funicle (Connaraceae, Meliaceae, Elaeocarpaceae) 
and from the side of the seed opposite to the chalaza (Leptonychia). 
Regarding strict embryology, it seems that the varying division of labour among 
the cells of the early embryo, which form cotyledon, radicle and stem, results from 
transference of functions in different species of a genus, or genera of a family. The 
complete inversion of the embryo of Sterculia may be a reversal of polarity. Hypo- 
cotyl embryos, too, in which food is stored in the hypocotyl, must be regarded as 
transferences from the cotyledonary position, or conversely, e.g. Anisophyllea, 
Barringtonia, Bertholletia, Garcinia, Ternstroemia, and, perhaps, Rhizophora. 


Shoot Examples. 


Yet another “ Gestalt ’’, which can be understood, is the resemblance of branch- 
systems to pinnate leaves. It is most striking in the Phyllantheae (Euphorbiaceae), 
which seem to have simply or doubly pinnate leaves, for those on the main stems 
are reduced to minute scales, and the leafy branches have limited growth (Corner, 
1940, pp. 278-280). It seems that the form-factors, or properties, of the pinnate leaf 
have been transferred to the axillary buds of the main stem on the degeneration of 
their own leaves. But, in the Euphorbiaceae, and also in Flacourtiaceae (Casearia, 
Hydnocarpus), where the same phenomenon occurs, no pinnate leaves are known, 
though simple leaves may show pinnate lobing. In such cases one cannot dismiss 
the pinnate construction of the leaf itself, as shown in its venation, from being the 
physiological basis of the phyllomorphic branch : these genes must exist in the plants 
and may as well operate in the axillary buds, just as those of the flowers in Capsella 
operate in the leaf-primordia. 

Normally the plumule of the seedling becomes the main stem. In many Papilio- 
naceae the plumule has limited growth, or even degenerates in the seed, and the axillary 
buds of the cotyledons take over the function of the main stem (Dormer, 1945). This 
is an extreme case of sympodial growth, which is variously developed in plants so as 
to cause substituting growth of the leader when it dies. Probably there is some 
fairly simple hormonic control, but such cases show how variations in the site where 
functions materialize affect the form of the plant. In the epiphytic orchid T'aenio- 
phyllum there is no vegetative shoot, but a minute inflorescence, and the green 
strap-shaped roots take over the physiological functions of the shoot. The mechanism 
of photosynthesis is, presumably, no different from that in the leaves of other orchids, 
but it has been transferred entirely to the roots. Green roots, occur, of course, in 
many orchids, and comparative taxonomy will show how gradual must have been 
the change over to the state in Taeniophyllum. Thus, it seems possible to explain the 
well-known case of Streptocarpus (Gesneriaceae), in which a single and much enlarged 
cotyledon bears the flowers and, even, the roots, in terms of transference of all func- 
tions to the cotyledon. Should we not, indeed, conclude that the secret of angiosperm 
success lay in this facility of transfer ? 


Leaf Examples. 

A simple dicotyledonous leaf has normally pinnate venation, the numerous side 
veins being largest where the leaf is broadest. Some leaves, however, have the basal 
pair of side-veins prolonged, even to the leaf-apex (Text-fig. 2). Such are the trip- 
linerved leaves of gentians, Caryophyllaceae, Melastomataceae, and others. The lamina 
develops only in the basal part of the leaf-primordium between the first and second 
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air of side-veins, for in the tip of the expanded leaf the other side-veins may still be 
found unextended. All the Cee growth of the lamina, which makes the mete 
phyll between the veins, has been transferred to the interval between the oe 
second pairs of side-veins, It is known that there are two processes, at least, in . = 
growth, one making the veins and the other the filling between them, as Ree y 
the skeletal spring leaves of the horse-radish followed. by normal summer leaves. 
Phyllodic leaves, with many subparallel longitudinal veins, as in the aso 
(Plantago), are interpreted as petioles or leaf-bases extended to form a lamina, Age 
this is mesophyll development transferred to the intercalary growing region at the base 
of the leaf-primordium. In Lathyrus the leaf is pinnate with distal tendrils as non- 
laminate pinnae: a few species have pinnately veined leaflets, but most have phyl- 
lodic leaflets, and some have no leaflets but phyllodic petioles or foliose stipules. Thus, 


A B 


Text-ric. 2.—Ficus-leaves of similar shape but different venation, showing mid-ribs, costas 
(main lateral veins) and main intercostal veins. Inset, the primary subdivision of the inter- 
costal area by two veins ns and Ew, as visible near the tips of the leaves. 


A (I. annulata B1.), parallel intercostals from NE quadrant; B (Ff. globosa Bl.) cascade vein from sw 
quadrant ; © (2. vasculosa Wall.) all quadrants developed ; p (F. elastica Roxb.) sw and 
SE quadrants predominant ; » (J. indica L.) as B, but triplinerved. 


in one genus, there can be traced the transfer of lamina-formation from the normal 
position to the leaf-base, whence it may descend to the internode and give the winged 
stem and cladode. That is why I regard such leafless, leaf-stemmed plants as cacti 
as plants, not so much with dislocated chromosomes, but with dislocated sites for 
gene-activity. 

A more subtle process concerns the details of venation. In Ficus, and many other 
plants, the mesophyll may develop in different ways between the side-veins. At 
first, a sort of square develops between a pair of side-veins, to be divided by secondary 
veins into four quasi-squares (Text-fig. 2, inset). Generally the distal square (NE) 
develops most to form many cross-veins (Text-fig. 24), the other three remaining little 
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changed. In F. elastica Roxb., the two Squares (SE and sw) next the mid-rib develop 
to form the lamina (Text-fig. 2p). In F. indica L., it is the proximal square (sw) which 
develops most to form a sort of cascade-vein into the axil of the lower side-vein 
(Text-fig. 28m). And in other species, all the squares develop evenly (Text-fig. 2c). 
In Lactuca, Camellia, Diospyros, and others the mesophyll develops largely outside 
the inarchings of the main side-veins to give several series of loops. Whatever the 
primitive venation of the dicotyledon, it is varied by transference of mesophyll 
development to certain parts to give the characteristic adult venation so hard to 
describe until explained, and this explanation is often to be found on tracing the manner 
in which the venation simplifies, or closes up, towards the apex of the adult leaf 
(Text-fig. 2). 

Lastly, I would recall the pitcher leaf of NV epenthes, which exhibits a basipetally 
developed, or reverse, explanation of leaf-properties. It has a phyllodic, photosyn- 
thetic, winged petiole, the wings decurrent on the stem; an intermediate, thigmo- 
tropic, tendril-stalk without lamina; a secretory and absorptive, basipetally 
developed, pitcher as the lamina-base (so often glandular in other plants); and, 
apically, the rest of the reduced lamina as the convenient lid, which is the first part to 
be developed. Instead of being combined into one unit, as in Clematis, the leaf- 
properties are here displayed. The experimental challenge is their recombination 
into the pre-Nepenthes leaf. 


Examples from Classes other than Angiosperms. 


I have taken examples from flowering plants, but the principle extends to other 
classes. It must enter the morphology of gymnosperm cones and embryos, the disposi- 
tion of fern-sori and annuli, peristome variations in mosses, hymenial configuration 
in basidiomycetes, spore-forms in rusts, and sporangial disposition, meristematic 
variation, and, even, life-cycle differences in algae, such as the difference between the 
generations in Cutleria, Laminaria and Dictyota. But, in the algae, we encounter 
the principle of division of labour. If reproductive cells are set apart from vegetative, 
the underlying process of this division of labour must be the transfer of reproduction 
to those cells which evoke the reproductive metabolism. On the other hand, if the 
lower cell of a two-celled embryo forms the attachment, external, not internal, stimuli 
may be the cause. As Church has shown (1920), the organization of algae is so in- 
timately connected with the external environment that it may not be possible to 
decide by inspection whether a property is facultative and disperse, that is 
materializable in many parts of the soma, or genetically localized. _That the large 
sporophyte of Laminaria may be reduced to a few cells in artificial culture is a 
warning against speculation. In contrast, the emancipation of the higher plant has 
depended as with the animal on the evolution of the internal environment. 


Neoteny. 

A function is transferred by moving the site in which the inherited property 
materializes. The mutation, if any, affects the conditions for materialization. The 
~ change may allow the property to develop earlier than usual, when it may affect a 
wider, smaller, or different region of the body. Thus homaeosis, or “the earlier 
incidence of a morphogenetic process’ (Goldschmidt, 1938), may arise, and, also, 
neoteny or the precocious maturity of an organ or organism so that it functions in 
an otherwise undeveloped state. It is likely that transferences of function occur at 
developmental stages different from the original, so that both neoteny and '_geronto- 
teny ” are but aspects of the one principle. The importance of neoteny is widely 
acknowledged. I had occasion to refer to it as “‘ juvenescence’”’ when considering 
the evolution of the fruit-body in discomycetes (Corner, 1930). It seems to be the 
process which has separated pollination from seed-shedding and given the precocious 
flower-bud to be followed by fruit-setting, and also the smaller and simpler flower. 
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It is the process which has derived Lemna, as the floating aroid seedling, and the annual 
herb. What is required of the systematic morphologist is the evaluation of properties, 
which Church called factors of equipment, and a hypothesis of their original state and 
subsequent transfer, preparatory to experimental analysis, which is often too miscel- 
lancous for evolutionary thought. The principle of transference of function is based 
upon structure, as the means for protoplasm to manifest itself by filling space and 
interacting with the environment, but it operates through physico-chemical processes. 
It transcends the particular disciplines of biology, and, if the capable botanist or 
zoologist be now the superman, it will require a team of collaborators for elucidation, 


but the key is with the taxonomist. 


Summary. 


It is considered that many evolutionary changes in plants, including the division 
of labour and neoteny, result from restricting the site of development of a hereditary 
property or by moving it to another part of the plant-body. This principle of trans- 
ference of function is explained by examples from the flower (especially Saraca) 
fruit, seed, leaf, and venation (Ficus) of angiosperms. Systematic morphology 
should seek to define the original properties, their sites and their transfers. 
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DARWINISM AND THE STUDY OF EVOLUTION IN NATURAL 
POPULATIONS 


By E. B. Forp, F.RB.S. 
(Genetic Laboratories, Department of Zoology, University Museum, Oxford.) 


The one hundredth anniversary of the Darwin-Wallace Lecture will be celebrated 
by the publication of many books and essays. These will presumably review the prin- 
ciple of natural selection historically and in relation to rival theories, as well as in 
the light of palaeontology, plant and animal distribution, cytology and genetics. 
Yet it is probable that in so great a body of centenary literature, less than its due share 
of attention will be given to the study of evolution in wild populations by means of 
observation and experiment. For though such techniques are of the very type which 
Darwin himself delighted to use, little work along these lines was attempted until 
twenty years ago, and even now it is not being carried out extensively. 

A potent reason for this, though not the only one, is the fact that the frequency and 
extent to which natural populations are affected by large selective advantages and 
disadvantages has been greatly underestimated. This remained almost universally 
true for more than fifty years after Darwin’s death, nor in this matter is the correct 
state of affairs at all widely recognized to-day. 

R. A. Fisher’s Genetical Theory of Natural Selection was, when it appeared in 1930, 
the greatest contribution to evolutionary thought since the publication of The Origin 
of Species. Yet that book is mainly concerned with the study of selective advantages 
up to 1 per cent. or so. To-day we know that provided certain definite, but widely 
occurring, conditions are fulfilled, selective advantages of 30 per cent. or more are 
frequent in wild populations: a consideration which opens up great possibilities for 
the study of evolution in progress. For such work can be undertaken as a short-term 
project if appropriate species with an annual, or shorter, life-cycle be selected for 
study, since a few generations suffice to demonstrate evolutionary changes when 
controlled by selection pressures of such magnitude. 

It seems worthwhile, therefore, in this article briefly to review the conditions which 
facilitate rapid evolution in wild populations. Also to discuss some of the fallacies 
inherent in the non-selectionist interpretations which have from time to time been 
advanced to account for the changes to which they in fact give rise. 

The study of continuous variation controlled on a polygenic basis will frequently 
reveal rapid evolution, or provide evidence of its recent occurrence, in a species 
subdivided into small isolated populations especially on the edge of its range. Quanti- 
tative characters of the kind here indicated can respond accurately to selection- 
pressure, owing to the large number, and small cumulative effects, of the genes con- 
trolling them. Thus when the population is split up into groups occupying restricted 
areas, each one can be adjusted to the ecology of its own habitat; whereas when 
not thus subdivided, the species can be adapted only to the average conditions of an 
extensive terrain. Judged therefore by some measurable quantity, it should generally 
be found that isolated colonies when inhabiting several small areas will be more dis- 
tinct from one another than when inhabiting several large ones. 

This concept is exemplified by work on the butterfly Maniola jurtina in the Isles 
of Scilly. The character studied is the frequency-distribution of spotting on the 
underside of the hind wings in both sexes, but in this article that in the female will 
alone be discussed since this represents the simpler and more readily analysable 
situation. ; : 

Female spotting differs greatly from one to another of five small islands but is 
effectively similar on each of three large ones (16, see pp. 84-85 for trequency-diagrams) ; 
the difference in area between the two groups being seventeen times or more. Migra- 
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tion is excluded as an explanaton of the resemblance of the butterflies on the three 
large islands ; small islands with populations having different frequency-distributions 
being interposed between two of them, while the distances involved prove to be a 
complete barrier to this insect. 

It might be thought that the dissimilarity of the populations on the five small 
islands is due to random genetic drift along the lines suggested by Sewell Wright (27). 
This supposition is completely excluded by their numbers. On the small island of 
Tean there are three of them, and they have been estimated as containing 15,000, 
3000 and 500 individuals in a season respectively ; while the single population 
occupying the small island of St. Helen’s must be considerably greater than the largest 
of those on Tean. Moreover, one of the Tean populations readjusted itself to a new 
spot-distribution in a single generation (the species has one brood per year) following 
a profound ecological change consequent upon the removal of a small herd of cattle 
(6). Work as yet unpublished shows the new type of spotting to be astable one. Thus 
it is entirely controlled by selection. , 

Dobzhansky (4) has lately put forward an alternative view to the exclusively 
selective one advocated here. For he holds that the “ founder principle” of Mayr 
(21) influences the effects of selection to produce the situation characterized by the 
Maniola jurtina populations in Scilly. He suggests that a few specimens reached and. 
colonized the small islands “from other islands or from the mainland”. This, 
incidentally, is not historically a correct point of view, for the small islands have been 
progressively reduced in size since they were part of a continuous land mass only two 
or three thousand years ago. He holds that the genes which chance to be possessed 
by these hypothetical founders influence the effects of selection operating subsequently 
upon the populations derived from them. His suggestion follows from the results of 
a highly original experiment of his own work upon colonies of Drosophila pseudoobscura 
in population-cages. Some of these were derived from a few specimens (a foundation 
stock of 20 flies, 10 males and 10 females) while others were derived from many 
(4000 flies about equally male and female). Thus they were thought to represent the 
small island and the large island situations respectively. The parallel is, however, 
deceptive. The various population-cages had identical environments not in the least 
reflecting the great environmental differences from one to another island in Scilly, 
and allowing no assessment of the relative importance of the founder genes and of 
subsequent selection. The latter must in fact be overwhelming, such as to obliterate 
any “founder ” effect. This might indeed influence the situation relative to a few 
major genes lacking from an original colonizing population. But the number of poly- 
genes having similar and cumulative effects must be large (3) while the possible genetic 
diversity to which their segregation gives rise will be stupendous. Thus the effects 
of natural selection will wholly overweigh any others in the micro-evolution of these 
populations, and of this we have clear evidence. Not only did the ecological change 
due to the removal of cattle produce at once an evolutionary response in the Maniola 
jurtina population inhabiting a small island, but an ecological change of another kind 
has now done so as well on one of the large islands, Tresco. Here in 1957 a marked 
and heavily significant departure from the normal spotting of a large island has occurred 
for the first time within our experience in response to the ecological effects of a highly 
exceptional summer. In this matter, I am indebted to my colleagues for allowing me 
to mention results which we obtained together, the details of which are as yet unpub- 
lished. The fact that small and large island populations alike can change their 
characteristics markedly, in a single generation, and to an approximately equal 
extent, indicates how negligible must be the constitution of hypothetical founders 
compared with the working of selection. 

The founder concept and that of random genetic drift are obviously inapplicable to 
the evolution of the vast populations of Maniola jurtina, often continuous over great 
areas, which inhabit the mainland. On the other hand, a purely selectionist interpreta- 
tion of the situations encountered in them is as valid as upon small islands. Samples 
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of the butterfly have been in a number of years collected from a large series of 
localities in southern England, from Devon to the North Sea, and southwards from 
Norfolk. These are from extremely diversified conditions: the Atlantic climate of 
west Devon and the semi-continental one of the Ispwich district, from alkaline and 
from acid soils with their widely differing ecology, as well as from sparse vegetation 
upon downlands and the luxuriant conditions of lowland meadows. Yet the female 
spot-distributions are similar in all of them, declining from a single large mode at 0 
spots. Thus throughout this region they must be stabilized by selection, acting either 
directly upon the genes concerned or through a buffering of their effects. In central 
and eastern Cornwall, on the other hand, the insect is stabilized differently, with a 
mode at 0 spots and a second smaller one at 2. Already in 1952 we had found that 
these two areas of stabilization are, in the Launceston neighbourhood, separated only 
by 12 miles (5). It is now known that the species occurs throughout the intervening 
area ; it has been studied in detail there both in 1956 and 1957, with results which 
are at present being prepared for publication. 

Further west in Cornwall, in the isthmus between Hayle and Marazion and east- 
wards thence for 10 miles or so, Maniola jurtina is rare or absent. This situation isolates 
two populations in the extreme west of the country. One of them occupies an entirely 
exceptional habitat on the Hayle sandhills: a strip along the north coast about four 
miles long and a few hundred yards wide. Here the population does not appear to be 
stabilized in regard to spotting. The second spreads sparsely over the Land’s End 
peninsula, a granite intrusion of 75 square miles or so, where the spot-frequencies of 
the females take a constant value which differs from any other known on the mainland, 
having a single mode at 2 spots. 

It will be noticed that a study of spots in M. jurtina has revealed both evolution 
_ in progress and adjustment to differing conditions. It will be realized that the genes 
which control this character must have other effects, presumably of a physiological 
kind, for which they are principally selected. Of these direct evidence is now being 
- obtained from breeding experiments. 

In Cornwall and the Isles of Scilly Maniola jurtina shows some of the characteristics 
of species at the edge of their range. These merit brief consideration both in the light 
of the present example and in terms of evolution in general. 

An organism at the edge of its range is living in conditions which are either unfav- 
ourable or peculiar. In order to survive there, it is necessary to adjust itself to some 
type or types of habitat to which it must fit itself accurately. Thus it is a common- 
place in such circumstances to find that species normally of wide tolerance exist only 
in specialized habitats. Alternatively, or in addition, those which show little vari- 
ability, whether in the strict sense of that term or in respect of a given form of contin- 
uous variation, may at the edge of their range split up into groups each with its own 
marked characteristics. The localities which they inhabit may in fact differ from one 
another ecologically and in climate to an extent which is small compared with that 
encountered within the normal range of the species, but at the fringe of its distribution 
it is only by close adaptations to them that it can survive. 

As Darwin himself so clearly realized, such local races are unable to evolve without 
some type of isolation. To-day we should extend this term to include a cline, which 
to provide an isolating mechanism must be long compared with the capacity of the 
species for movement. But the whole situation tends in fact to favour geographical 
isolation, through the survival of the population only in pockets where the conditions 
are relatively favourable to it. From these it may later spread if it adjusts itself 
successfully to them. 

As Darlington (2) points out, another means of isolation at the edge of a species’ 
range is the cytological one. Thus great numbers of plants, and doubtless some 
animals, prove to be polyploids in such situations. They are then free to adapt 
themselves without the difficulties introduced by constant crossing with the main 
bulk of the species behind them, as it were. Moreover, geographical isolation may allow 
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a sufficient reconstruction of chromosome material to give genetic isolation without 
polyploidy when, owing to subsequent expansion as a result of successful adaptation, 
different groups meet. The formation of chromosome-loops during meiosis in the 
hybrid specimens will be a strong indication that this type of isolation had been 
successfully achieved. 

In the peculiar conditions at the edge of a species’ range, selection for new and 
appropriate habits may be of much importance. Thus the butterfly Papilio machaon, 
found over a large part of central and southern Europe and elsewhere, has an 
extremely wide environmental tolerance, occurring from sea level to a considerable 
height in the Alps, and inhabiting marshes, dry plateaux and other types of situation. 
In England it reaches the limit of its range and is established only in a few places, in 
Cambridgeshire and East Anglia, where it is entirely restricted to fens. Here the 
individuals, though powerful on the wing, are very localized, though normally 
they scatter widely over the countryside: an exceptional adaptation of obvious 
importance to a population adjusted to a single and restricted type of habitat. 


One of the great opportunities for the study of evolution in wild populations is 
provided by the marked fluctuations in numbers to which so many species are sub- 
ject. There have been attempts, apparently successful in respect of some rodents, to 
associate these with general climatic changes depending, for instance, upon sun-spot 
cycle, and to show therefore that they affect populations synchronously over vast 
areas. But this is a special aspect of a far more general phenomenon ; for plant and 
animal communities automatically generate their own fluctuations in numbers which 
therefore often occur independently in different localities. Moreover, such changes 
in density increase enormously the rate of evolution especially in isolated colonies. 
They arise in the following way. 

When an animal or plant increases in numbers in some locality it does so because 
variations in environment chance temporarily to favour it there. That is to say, 
some aspects of selection are then relaxed. Therefore genes and genic arrangements 
which would normally be eliminated can survive and can be tried out in new combina- 
tions, some of which may prove of advantage to the organism. But when conditions 
change again and become more rigorous the population will be particularly unfitted 
to withstand them owing to the relatively unsatisfactory genotypes which have 
spread in it. Thus numerical increase with marked variability inevitably prepares 
the way for numerical decline with stricter elimination and reduced diversity. But 
the opportunities for assessing genes in new combinations which thus arise might 
take a very large number of generations to achieve in a numerically stable community. 

I had already reached these conclusions forty years ago when I began work upon 
a colony of the butterfly Melitaea awrinia. However, they were not published until 
1930 (17), since that species has but one generation in the year and it was necessary 
to study it in various phases of its cycle. Thus the work required to substantiate such 
views by means of a concrete instance involved long delay. 

These results have often been reviewed (16), so that they can be restated very 
briefly now. An examination of records kept by collectors in the past, combined with 
our own observations, showed that the species was abundant in the locality we 
studied from 1881-97, after which it declined to small numbers and became very rare 
from 1912-20. During the whole of this time the specimens were remarkably constant 
In appearance. From 1920-24 the colony underwent a spectacular numerical increase 
associated with a great outburst of variability; hardly two individuals were alike 
while many of the more unusual varieties were deformed. From 1925-35 the increase 
in numbers ceased and the butterflies became relatively constant once more, but the 
form which then predominated differed from the one which characterized the popula- 
tion before 1920. That is to say, an opportunity for rapid evolutionary change 
had occurred and the insect had made use of it. Unfortunately precise numerical 
estimates, which would have been desirable throughout the whole period, could not 
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then be made since the methods for obtaining them, by means by marking, release and 
recapture (8, 13) had not at that date been devised. Itisa depressing fact that though 
corresponding phenomena are constantly being reported, little detailed work along 
these lines has been undertaken subsequently. Another colony of the butterfly is, 
however, being studied from this point of view at the present time. 

‘When during a period of rapid increase recombination brings together major genes 
which chance to interact in an advantageous way, selection will favour the evolution 
of close linkage between them. This may be continued to the point when they act 
approximately as a single unit and become super-genes. Thus to an increasing degree 
the organism will tend to have the advantage of their combined effects. These can 
then be improved through adjustment of the gene-complex, especially if some of the 
more important genes enhancing their actions can be transmitted with them in a block, 
for example in an inversion. 

It will be noticed that such repeated fluctuations in numbers with their great 
evolutionary potentialities will override and obscure the effects of the “ founder ” 
concept to which attention has already been drawn (p. 42). Moreover, the 
uniformity of the environment in Dobzhansky’s cages, set up to demonsrate that 
principle, prevented marked numerical fluctuations in his experimental populations 
and thereby produced an entirely unreal situation, as did the exclusion of such 
fundamental ecological distinctions as face populations inhabiting small and large 
natural habitats respectively. 

Indeed the periodical reduction to small numbers occurring in populations in 
general may occasionally produce something like a repetition of the ‘founder ” 
situation when taking place in isolated communities inhabiting small areas. But 
evidently its evolutionary importance lies not in the particular genes carried by the 
survivors but in the release of variability which occurs when the numbers expand, 
together with the application of stricter selection as they contract once more. Moreover, 
the reduction to a level so low as to resemble the initial population envisaged in the 
founder concept is probably unusual and extreme. However, the evolutionary 
effects of fluctuation in numbers as outlined here will occur whatever may be the mini- 
mum attained: for it is the relatively large numerical change that is important, 
not the size of the colony reached at the lowest point of a cycle. 

The most fruitful means of studying evolution in natural populations has been 
reserved to the last: it is that provided by polymorphism. This condition is one in 
which major genes, or super-genes, and their allelomorphs possess selective advan- 
tages balanced, except where the condition had not yet achieved stability, by disad- 
vantages. Thus even their rarer phase must be substantially too frequent to be main- 
tained merely by mutation. The opportunities for the evolution of the characters 
which they control are therefore great, while such a situation is itself the outcome 
of selective adjustment of an accurate, because balanced, kind. 

The precise definition of polymorphism was supplied by Ford in 1940 (10) and it 
is now sufficiently well known to require no restatement in an article on evolution 
or genetics. It is necessary only to remark that the condition excludes seasonal, 
geographical and continuous variation, as well as rare disadvantageous qualities. Nor 
is there any need to retrace the arguments already often elaborated (15) to demon- 
strate that the genes concerned cannot be selectively neutral. ae 

Since a polymorphism involves discontinuous variation within a population, its 
phases must be controlled by some switch mechanism, which is nearly always genetic. 
This will generally result in the superiority of the heterozygote even in those situations 
which tend automatically to promote diversity, such as Batesian mimicry, because the 
advantageous effects of the switch gene (or super-gene) will become dominant while 
its disadvantageous ones will become recessive. Therefore the heterozygote will 
manifest advantages only, while both homozygotes will give rise to some advantageous 
and some disadvantageous qualities. 

The ecological necessity for a polymorphism is often apparent, but the advantages 
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of the heterozygote are generally of a physiological kind the nature of which may be 
elusive though their existence can be proved. A few of the well known instances in 
which polymorphism has served to demonstrate evolution in process, or its recent 
results, may be cited to illustrate these considerations and slightly to extend them. — 

It may first be observed that the significance of a polymorphism may be quite 
obscure. For example, the moth Panaxia dominula (Hypsidae) is polymorphic in an 
isolated locality at Cothill fives miles from Oxford. Three forms are involved, con- 
trolled by asingle pair of allelomorphs with the three genotypes all visibly distinct. The 
species has but one generation in the year, and in this locality it has been studied since 
1939. The rarer allelomorph of the switch gene concerned has varied irregularly from 
11-1 to 1-1 per cent. of available loci in a season, the maximum and mimimum 
occurring respectively in 1940 and 1955 ; for the last two years the gene-frequency has 
been rising. From 1941 the size of the population has been assessed by the marking, 
release and recapture of specimens. Now under Mendelian inheritance it is possible 
to determine whether or not changes in gene-frequency can be the result of random 
genetic drift provided they, and the size of the population in which they occur, can 
be calculated (7). Such data are available in this instance and they demonstrate that 
the observed fluctuations in gene-frequency cannot be due to chance but must be 
the result of selection varying in intensity and direction from one year to another. 

When these results were first published (8) they were criticized by Sewell Wright 
(28). The accumulating data of subsequent years made it possible to refute each of his 
objections in a way which he appears to have found unanswerable (24), and indeed 
the control of this diversity in Panaxia dominula as a balanced polymorphism is not 
now in doubt. It involves differences in colour and pattern, also in mating habits (25). 
The latter effect is a curious one, since the female prefers to pair with a male belonging 
to any other genotype than her own: a situation which, favouring as it does the 
rarer forms, tends to maintain the polymorphism, though it is certainly not alone 
responsible for doing so. 

The work of Cain & Sheppard upon the polymorphism of the snail Cepaea nemoralis, 
on the other hand, demonstrates selection favouring characters of obvious survival 
value (1). They find that there is a heavy excess of yellow shells (greenish when the 
living animal is within) on a green background such as downland, and of brown shells 
upon a dark one such as the floor of a beech wood. Also that there is an excess of banded 
shells in diversified conditions, such as a mixed hedgerow, and of plain upon a uniform 
one. An important predator of this snail is the Song Thrush, T'urdus philomelos', 
which carries it to favourite stones upon which it breaks open the shells. At such 
places the broken fragments accumulate, so that by comparison it is possible to 
determine whether or not the elimination carried out by the birdsisarandom one. In 
fact, in each type of locality they remove a heavy excess of the inappropriate coloured 
and marked specimens. Moreover, in spring as the countryside and woods become 
greener the selective advantage of the different types alters (23). This is one reason 
why the population does not reach uniformity in different habitats ; another is the 
opportunity for rapid adjustment to changing conditions which the diversity confers. 

The polymorphism is, of course, controlled by major genes: yellow shells are reces- 
sive to the darker shades (pink and brown), and the possession of bands is recessive to 
their absence. There is, as might be expected, linkage between the two loci concerned, 
and there is accumulating evidence that the cross-over value between them varies 
in different populations. This matter is under investigation. It suggests that we here 
see the evolution of linkage which, to different degrees in different habitats, holds to- 
gether those allelomorphs which produce the type of colour and banding that is most 
advantageous there. 

_ That the selective advantage of a polymorphism can be attained by distinct means 
in different regions is a natural deduction from the great opportunities for micro- 
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evolution offered by this situation. Thus the moth T'riphaena comes, Agrotidae, is 
polymorphic, with light and dark forms, in the Outer Hebrides, Orkneys and some 
parts of the Scottish mainland. Further south only the light form occurs. The dark 
phase is an incomplete dominant, the homozygotes being on the average darker 
than the heterozygotes but overlapping them. It has been shown that in the Outer 
Hebrides and in Orkney the same major gene acts as a switch controlling the two forms 
but that dominance has been independently acquired by the accumulation of different 
sets of modifiers (14). In this work, no clear excess of heterozygotes above expectation 
was detected, though the numerical values of several of the broods were exceptional. 
It must be remembered, however, that a single female lays three hundred eggs or so, 
while in a state of nature perhaps only four or five of her progeny reach the moth 
state. In breeding experiments, the survival rate is on the average greatly improved : 
in many of the families raised during the course of this work several dozen, and in some 
over one hundred, individuals survived to become imagines. That it to say, selection 
was very greatly mitigated, so that relative differences in the survival of genotypes 
which might be extremely important in the wild can be obscured in the laboratory. 

This was demonstrated experimentally in 1940 during the course of genetic work 
on the moth Boarmia repandata, (Selidosemidae) (9). In stocks raised in the laboratory, 
there proved to be a slight but negligible excess of ‘‘ melanics ” compared with the 
normal form in segregating families : a distinction which became clearly significant 
when the elimination was increased by partial starvation. This was the first time that 
a physiological difference favouring the heterozygous black specimens had been 
demonstrated in respect of industrial melanism. 

That phenomenon is of the highest importance since it represents the most striking 
evolutionary change ever actually witnessed in any organism, animal or plant. In 
recent years it has been analysed with outstanding success by Kettlewell using a 
combination of genetic work in the laboratory and observation in the field (18, 19, 20). 

Black forms of more than sixty species of moths have been, or are, spreading in 
the industrial areas of Britain and replacing those normally coloured. A similar change 
is occurring in continental Europe and the U.S.A. though it has not yet been subjected 
to detailed analysis there. All the species concerned rest fully exposed on tree trunks, 
rocks or fences, where they derive protection from resemblance to bark or lichen. 
The melanic forms are, however, at an advantage in the blackened countryside of 
manufacturing districts, presupposing that the resting moths are preyed upon by birds. 
This, however, both ornithologists and entomologists were until lately unwilling to 
grant. The work of Kettlewell has proved them wrong. He has demonstrated that 
such moths are when at rest selectively eliminated by birds in great numbers, and has 
shown why that fact has not heretofore been recognized : for the act of predation is 
so rapid that it requires large-scale experimental work and observation to detect it. 
Moreover, where the black forms are the better concealed, they are in addition free 
to exploit their physiological advantages, accumulating in the heterozygote, which are 
particularly valuable to them when feeding upon polluted vegetation. 

Working upon the Peppered Moth, Biston betularia, Kettlewell has shown that the 
melanic form spreads eastwards across England from manufacturing districts far 
into rural areas, a fact which has demonstrated the unexpectedly great drift of 
pollution with the prevailing westerly winds. He has also established that the black 
phase has evolved; it is now detectably more extreme than when it first began to 
increase a hundred years ago. This important observation he is testing by crossing 
the black insects with specimens from parts of the country where only the pale form 
is known. By repeating the process in their progeny for several generations he is 
introducing the gene for melanism into a gene-complex which has had no experience 
of it. 

Industrial melanism provides one of the rare instances in which it is possible to 
study the development of a polymorphism from its inception. Owing to the evolution 
of heterozygous advantage, it is unlikely that the black forms will spread even in 
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manufacturing districts until they reduce the pale ones to the status of a rare mutant. 
In Biston betularia, there is an indication in some localities that the melanics may 
become stabilized at about 98 per cent. of the population, at which level the gene 
responsible for them would occupy 85-9 per cent. of available loci if all three 
genotypes were equally viable. Their heterozygous advantage will, in fact, reduce 
it somewhat below that value. 

The properties of a polymorphism, which ensure that the various phases cannot 
be of neutral survival value, but will be maintained by contending advantages and 
disadvantages, of course apply wherever that condition is found. Therefore they do so 
to Man, one of the most polymorphic of animals ; a fact the profound implications 
of which would have particularly interested Darwin. 

The blood groups were first treated as an example of polymorphism in 1942 (11). 
A logical deduction from that concept led to the prediction in 1945 (12) that members 
of the different blood groups would not be equally susceptible to specific diseases. 
That conclusion received concrete support six years later when evidence was obtained 
that infants dying of broncho-pneumonia during the first two years of life belong 
disproportionately often to blood group A of the OAB Series (26). Other and 
fully established instances demonstrating the association between human poly- 
morphism and particular diseases are now accumulating in a way which is opening 
up a new branch of medicine (22). Thus the study of evolution is contributing not 
only to natural knowledge, which is its primary purpose, but also to human welfare. 
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CHEMICAL EVOLUTION IN PLANTS 


By R. DarnuEy GIBBs 
(McGill University.) 
(With 3 Text-figures.) 
Some thirteen years before the 1858 meeting of The Linnean Society of London at 
which Charles Darwin and Alfred Russel Wallace presented their memorable papers, 


J ndiey’s Vegetable Kingdom appeared. In the preface he tells us that he was 
urged : 


ce 


> 


to introduce among the properties of plants an account of their 
proximate principles and ultimate constituents. But after a full consideration 
of the subject, he has come to the conclusion that it is not expedient to do so. 
In the first place, such matters belong to Chemistry, and not to Botany ; 
secondly, it does not appear possible to connect them with any known principle 
of botanical classification ; and, moreover, the extremely unsteady condition 
of the opinions of chemists themselves upon the results of their own researches, 
would render the introduction of the supposed results of chemists embarrassing 
rather than advantageous.” 


Lindley then used the apparently sporadic occurrence of one or two constituents 
in plants as a further argument against the use of chemistry as an aid to classification. 
Nevertheless he was constrained at times to mention the chemical properties of groups 
of plants. Thus we find on p. 614 of the third edition of his book (1853) this paragraph 
about the Gentianaceae : 
“ The Order [family] of Gentianworts is not more remarkable for the diversity 
of its colours than it is for the uniformity of the secretions which its various 
species exhibit. Bitterness in every part, root, leaves, flowers, fruit, in annuals, 
perennials, and shrubs, is so much their characteristic that the following 
account of the purposes to which they are applied is little more than a list of 
repetitions ; with this exception, that they in some cases prove narcotic 
and emetic.” 

Some twenty-eight years after the Darwin-Wallace papers appeared we find a 
remarkable woman—Helen C. de S. Abbott—publishing a paper entitled “ Certain 
chemical constituents of plants considered in relation to their morphology and 
evolution.”’ In it she says : 

“The facts obtained from these studies tend to show a chemical progression 
in plants, and a mutual dependence between chemical constituents and change 
of vegetable form. ... The evolution of chemical constituents in which 
they follow parallel lines with the evolutionary course of plant forms, the one 
being intimately connected with the other, and consequently that chemical 
constituents are indicative of the height of the scale of progression, and are 
essentially appropriate for a basis of botanical classification. In other words, 
that the theory of evolution in plant life is best illustrated by the chemical 
constituents of vegetable form.” 


Tn the following year she writes : 
“ The vegetable kingdom does not usually claim our attention for its intellectual 
attainments, although its members would certainly seem to possess greater 
chemical skill than a higher race of beings exhibit in laboratories.” 


and (in another paper in the same year) : 
“There has been comparatively little study of the chemical principles of plants 
from a purely botanical view. It promises to become a new field of research.” 
In 1888 Greshoff was assigned to the great botanical garden at Buitenzorg (Bogor) 
in Java to institute a chemico-pharmacological investigation of the plants of what 
was then the Dutch East Indies. He returned to Holland in 1892 and continued his 
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researches there. Later he worked at Kew and recorded the results of his studies in 
a paper which appeared in 1909. Here we read : 


“Since plants are no longer classified according to a single character (i.e. 
according to an artificial system), but attempts are made to unite into natural 
groups such plants as are considered to be related, the systematic botanist 
desires to know that relationship in all its manifestations.” 


He defines ‘‘‘ Comparative phytochemistry ” as “‘ the knowledge of the connection 
between the natural relationship of plants and their chemical composition.”” He notes 
that there are whole families of plants of which we know nothing chemically, and goes 
on to say that : 

“Strictly speaking one might demand that every accurate description of a 
new genus or of a new species should be accompanied by a short ‘chemical 
description ’ of the plant.” 


It is evident that there was growing up a belief that if plants are related to one 
another as the views of Darwin and Wallace would suggest, then their chemistry 
should reflect these relationships ; nearly-related plants being more alike in their 
chemical make-up than distantly-related ones. It is but a step further to argue 
that a“ primitive” plant will be chemically primitive and an “advanced” one 
chemically advanced. This was assumed to be the case by such men as Baker & 
Smith in Australia. 

Smith was associated for a while with Maiden and started with him his work on 
the Eucalypts. In 1899 he and Baker came together and worked as a remarkable 
team until their retirement in 1921. They published in 1902 “A research on the 
Eucalypts, especially in regard to their essential oils.” In this they summarized work 
on the botany and chemistry of more than 100 species of Eucalyptus L’Hérit. They 
concluded that the genus has evolved from Angophora Cav. and that new species 
have arisen as it has spread through Australia and Tasmania from the north-west to 
the south-east. They were able to arrange the species studied in groups which differ 
both morphologically and chemically. The more primitive species have feather-veined 
leaves and much pinene in their essential oils ; more advanced ones have intermediate 
venation and oils with pinene and cineole ; still more recent species have butterfly- 
wing venation and oils with phellandrene, and piperitone or geranyl acetate. We 
have reproduced their chart of relationships in modified form (fig. 1). 
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_ In 1920 the second edition of their “ Research ” appeared. This contains informa- 
tion on no less than 176 species of Hucalyptus which are arranged in groups differing 
slightly from those of the first edition. We give, in Table I, a summary of the 
groupings from the two editions. 


Taste I.—Classification of Eucalypts (Baker & Smith, 1902 and 1920). 


1902 1920 | 


Group. Group. 
Species Composition of oils Species Composition of oils 
ii Largely pinene. I Largely pinene. 
1-14 Little or no cineole.* 1-21 Little or no cineole. 
No phellandrene. No phellandrene. 
IT Pinene. < 40% cineole. II Pinene. < 40% cineole. 
15-29 No phellandrene. 22-46 No phellandrene. 
No aromadendralf. 
Illa Pinene. > 40% cineole. Illa || Pinene. 40-55% cineole. 
30-56 No phellandrene. 47-70 No phellandene. 
Aromadendral rare. 
IIIb Pinene less. > 40% cineole. IIb Pinene. > 55% cineole. 
57-62 No phellandrene. 71-91 No phellandrene. 
Aromadendral appearing. No aromadendral. 
ite > 40% cineole. 
63-64 Phellandrene appearing. 
IV Pinene. < 30% cineole. IVa Pinene less. > 40% cineole. 
65-71 No phellandrene. 92-101 No phellandrene. 
Aromadendral present. Aromadendral appearing. 
IVb > 40% cineole. 
102-106 Phellandrene appearing. 
Ww Pinene. < 30% cineole. Vv Pinene. < 40% cineole. 
72-91 Phellandrene present. 107-124 Usually no phellandrene. 
Aromadendral present. 
Via < 30% cineole. VI Pinene. < 40% cineole. 
92-95 Phellandrene present. 125-148 Phellandrene present. 


Piperitonet present. 


VIb Little or no cineole. 
96-102 Phellandrene present. 
Piperitone present. 


Vit Oils not readily placed. Vila 40% cineole. 
103-109 149-155 Phellandrene present. 
Piperitone present. 


VII6 Little or no cineole. 
156-166 Phellandrene present, 
Piperitone present. 


VIII Oils not readily placed. 
167-176 Little or no cineole. 


* Called ‘‘ Eucalyptol ” in 1902. : 
+ A name used for the mixture of aldehydes (cuminaldehyde, cryptal, etc.). 
t Called ‘‘ Peppermint ketone ” in 1902. 
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Read (1944) gives an interesting survey of this work. Penfold & Morrison, in the 
fourth volume (1950) of Guenther’s treatise on the essential oils, are somewhat critical 
of the claims of Baker & Smith, their own researches having revealed more variation in 
chemistry than those authors found. We must remember, however, that we have, in 
the work of Baker & Smith, a remarkable pioneer effort to study chemical as well as 
morphological evolution and to relate the two. There are all too few researches of 
this nature even to-day. 

What Baker & Smith tried to do for a genus, McNair tried to do for the plant 
kingdom, and with less success, as might be expected. Between 1929 and 1945 he 
produced a series of papers dealing with plant chemistry and systematics. In 1935, 
for example, he writes on “‘ Angiosperm phylogeny on a chemical basis’. Here he 
assembles data on molecular weights of alkaloids, on iodine numbers (as measures of 
unsaturation of fats), and so on. His criteria are that the most highly evolved alka- 
loids have the highest molecular weights (i.e. are most complicated ?) ; that the most 
highly evolved fats have the highest iodine numbers (i.e. are most unsaturated) ; 
and that the most highly evolved volatile oils have the highest specific gravities and 
the lowest refractive indices. A sample table, from which it is concluded that the 
family Magnoliaceae is the most primitive of the families being considered, is repro- 
duced here (Table IT). 


TasieE IT. 
Dominant Alkaloids Fats 
Family form (mol. wts.) (iodine Nos.) 
Magnoliaceae Tree-shrub — 95-5 
Lardizabalaceae Shrub — 78:4 
Berberidaceae Shrub-herb 330 139-1 
Ranunculaceae Herb 543 145-0 


It is doubtful if McNair’s assumptions are justified. Manske, whose opinions 
upon alkaloids should carry great weight, writes : 


“ The type of alkaloid in a plant, that is, its complexity judged by the number 
of carbon and nitrogen atoms, is not a criterion of the stage of evolution.’ 


In a paper which appeared in 1945 McNair deals with ‘Some comparisons of 
chemical ontogeny with chemical phylogeny in vascular plants’. Here he discusses 
the principle of recapitulation and concludes that in seeds there has been a series 
from those with carbohydrate to those with saturated oils and then to those with 
unsaturated oils. The idea that Monocotyledons are more primitive than “ Archi- 
chlamydeae ” and these more primitive than “ Sympetalae ” is supported, he says 
by such chemical evidence as that summarized in Table III. We may greet this 
conclusion with some scepticism. 


Tase IIT. 
General 
Embryos Albumen contents 
Groups % Starchy % Oily % Starchy % Oily % Oily 
Monocots. 12 45 57 27 
Archichlam, 15 45 16 30 0 
Sympet. 9 42 2 40 54 


1 Personal communication, 28 October, 1957. 
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In the same paper he deals with the occurrence of cyanogenetic glycosides in plants. 
He writes that they : 


ce 


occur more generally in the more advanced of the older groups and 
also in the more advanced families of the different orders ... In the Archi- 
chlamydeae of the dicotyledons cyanogenetic glycosides have not been found 
in the first eleven orders (which consist mostly of woody plants).2 They have 
been found in nearly all of the remaining 19 orders. ... As to the occur- 
rence of cyanogenetic glycosides in the more advanced families of the various 
orders the following examples may be considered as indicative. In the Rosales 
the substances mentioned are found in the 4. Crassulaceae, 6. Saxifragaceae, 
14. Platanaceae, 16. Rosaceae, and 18. Leguminosae. In the Parietales the 
containing families are 17. Winteranaceae (Canellaceae), 19. Flacourtiaceae, 
and 23. Passifloraceae. In the Myrtiflorae the producing families are: 9. 
Lecythidaceae, 14. Myrtaceae, 15. Melastomaceae, 16. Onagraceae, and 17, 
Haloragidaceae.”’ 


Now McNair apparently used the arrangement and numbering of Engler’s 
““ Syllabus ”’, edition 7 (see key at the end of Willis, 1955). The “ first eleven orders ”’ 
referred to are now regarded as advanced and reduced rather than as primitive. 
In Benson (1957), for example, they are numbered 56, 19, 47, 53, 51, 50, 48, 55, 49, 
54, and 52; and the HCN-producing orders have a “ below average” numerical 
placing. As to the occurrence of cyanogenetic glycosides in the Rosales, the position 
of the families having these glycosides is only a little “above average ”’ (treating the 
order as a linear series of families, as McNair seems to have done). If McNair had 
used the 11th edition of Engler’s ‘‘ Syllabus’, which appeared nine years before his 
paper, the occurrence would have seemed even nearer to average. 

His reference to HCN in the Parietales is of great interest to the writer. Cyano- 
genetic glycosides occur not only in the families mentioned by McNair—Winter- 
anaceae (Canellaceae), Flacourtiaceae, and Passifloraceae—but also in the Turner- 
aceae.? Now these families to not constitute families 17, 19, 21, and 23 (using the 
numbering of ‘“ Syllabus ” edition 7) of a linear series, but they are all members of a 
suborder Flacourtiineae, as Engler makes clear in edition 2 of Die natiirlichen Pflanzen- 
familien (vol. 21, p 5, 1925). They are also exactly the order Violales of Benson 
(1957). That is, they are closely related. We have summarized the occurrence in 
them of cyanogenetic glycosides in Table IV. It will be seen that we have no informa- 


Taste IV.—Occurrence of cyanogenetic glycosides in the sub-order Flacourtiineae 
of the Parietales. 


HCN 
Family Genera/Species Present Doubtful Absent 

Canellaceae 5/11 T/L — a 
Violaceae 16 /850 — Ty] 5 /20 
Flacourtiaceae 84 /850 9/17 2 /2 9/107 
Stachyuraceae 1 /5-6 — — = 
Turneraceae 7/110 3/11 — 2 /3t 
Malesherbiaceae 1-2 /35 — — — 
Passifloraceae 11 /600 3/31 — 1 le 
Achariaceae 3 /3-4 — — — 

* From herbarium material in 1 /5. 

+ 9 ”? 29 ”? 4 [4. 

i ”? a? 29 


2 Henry (1906) says they have been reported from Salieaceae (order 3). I have no other 


record of this. 
3 Gibbs (unpublished data). 


54 R. DARNLEY GIBBS: [J.L.S.Z. XLIV, 


tion on 3 of the 8 families involved, and that only a small proportion of the genera 
and species of the other families have been investigated : a state of affairs typical of 
our knowledge of comparative plant chemistry. ; 

The Violaceae may well be out-of-place here. Copeland (1957) places them in the 
Rhoeadeae (Rhoeadales), while Hallier (1912) puts them in the Polygalinae (Poly- 
galales). If the Violaceae do belong in the Flacourtiineae we might argue that they 
have lost or are losing the power to synthesize cyanogenetic glycosides. Camp (in 
Gundersen, 1950) argues that the family is primitively a woody one, which arose in 
South America and gave rise to our herbaceous northern violets. It would be interest- 
ing to know if HCN can be found in the most primitive surviving woody members in 
South America, 

While we may not be able to decide whether the occurrence of HCN in the Parie- 
tales is advanced or no, we may well conclude that the occurrence in this order of 
raphides (one of the few directly-visible chemicals) is a primitive character. They are 
found in Dilleniaceae (where they are sometimes small and unarranged), in Actini- 
diaceae (except Sladenia Kurz.), in Marcgraviaceae, and in Theaceae, all members 
of Engler’s first suborder—Theineae. The Dilleniaceae are certainly primitive (see 
discussion in Gibbs, 1954, pp. 26-28), as are the Actinidiaceae. Sladenia, which 
does not contain raphides, should, perhaps, be placed in the Theaceae. The Marc- 
graviaceae are closely related to the Theaceae, says Engler. 

The Theaceae do not for the most part contain raphides. They have been observed 

there only in Tetramerista Miq., Pelliciera Planch. & Triana, and T'rematanthera 
F. Muell., all of which may be removed from the family. The first two have sometimes 
been placed in the Marcgraviaceae (where raphides do occur, see above), while T'rema- 
tanthera has sometimes been included in the genus Saurawia Willd. of the Actinidiaceae, 
which contains raphides. 
These “ primitive ” raphide-forming families of the Parietales have evolved, we 
suppose, from woody members of the Ranales (in the Englerian sense). The latter 
order (in the 11th syllabus of Engler & Diels) has nineteen families in four suborders. 
The first seven families do not, so far as we know, contain raphides. The eighth— 
Menispermaceae—is said by Santos (1931) to have two genera which produce them, 
Anamirta Colebr. and Archangelisia Becc. A study of Santos’ drawings, however, 
show needle-crystals but not true raphides in the tissues of these plants. The following 
six families also seem to lack raphide-forming members. The fifteenth—Myristicaceae 
—forms acicular crystals but not true raphides. The sixteenth—Gomortegaceae— 
forms needle-like crystals. The next family—Monimiaceae—is said by Metcalfe & 
Chalk (1950) to form raphides‘“‘ ... oftenin special cells in the unlignified tissues”’. 
These would seem to be true raphides.t In the family Lauraceae, which is placed next, 
acicular crystals are found, and Santos (1930) has reported “raphides’’ in two 
species of Cinnamomum L. His drawing (Pl. 6, fig. 24) of a cell from C. cassia BI. 
certainly shows needle-crystals in more or less parallel bundles, but the cell is hardly a 
typical raphide-sac. In the last family—Hernandiaceae—acicular crystals, and 
perhaps also raphides, are said to occur. 

If we consider Hutchinson’s (1926) arrangement of the families mentioned above 
we find that, with the exception of the Menispermaceae at the “ top ” of the Ranales- 
Berberidales “tree”, the families which have anything approaching raphides all 
lie in his Laurales (fig. 2). Is it from this group that the Dilleniaceae, etc. arose 2 

The chemistry of the monocotyledons is not very different from that of the 
dicotyledons. This would seem to support the view that one group has arisen from 
the other, or that they have a common ancestry. One view is that the monocotyledon. 
arose from primitive dicotyledons such as the herbaceous members of the Ranaless 


* Metcalfe (letter of 17 December, 1957) says ‘‘ Raphides were actually observed at Kew in 
Doryphora sassafras Endl., Peumus boldus Molina and Laurelia novae-zeylandiae A. Cunn. J udging 
from Solereder’s remarks, however, raphides appear to occur generally in the Monimiaceae’’. 
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( 23. Menispermaceae? 14 


ee hae . Myristicaceae? 
. Sargentodoxaceae— 13. Hernandiaceae? 
BERBERIDALES 4 21. Lardizabalaceae— LAURALES 12. Gomortegaceae? 
a | 20. Circaesteraceae— ny 11. Lauraceae? 
(19. Berberidaceae— 10. Monimiaceae + 
(Winter) 


ANNON.- [{ 9. Eupomatiaceae— 
ALES 8. Annonaceae— 
7 


( 7. Cercidiphyllaceae— 
RANALES 18. Nymphaeaceae— 6. Trochodendraceae— 
* 17. Ceratophyllaceae— | 5. Lactoridaceae— 
16. Cabombaceae— -—MAGNOLIALES < 4. Himantandraceae— 
15. Ranunculaceas— + 3. Schisandraceae— 
2. Winteraceae— 
1. Magnoliaceae— 
Common 
ancestor? 


Fic. 2.—Essentially the families of the Ranales of Engler & Diels as arranged by Hutchinson. 
Families which seem to be without acicular crystals and “‘ raphides ” are marked (—) ; 
those with acicular crystals and/or “‘ raphides”’ are marked (?); those known to have 
true raphides are marked (+). 


Now we have seen above that these do not have raphides: and neither do the primitive 
monocotyledons. Kimura (1956) has published one of the most recent “ arrangements ”’ 
of the whole group of monocotyledons. He would have the Alismatales (1) arising 
from proto-Polycarpicae (proto-Ranales) and giving rise to Hydrocharitales (2) and 
Scheuchzeriales (3). From the proto-Scheuchzeriales he would derive Triuridales 
(6) and Potamogetonales (4), and from the proto-Potamogetonales he would derive 
the Najadales (5). Now raphides seem to be absent from all these groups, though our 
knowledge of them is far from complete. They do occur, however, in the Liliales 
(7) and in many other orders of the monocotyledons. If Kimura’s arrangement 
(fig. 3) is correct then raphides arose independently in the monocotyledons after they 


MONOCOTS eee ees KIMURA (1956) 


Fic. 3.—Kimura’s arrangement of the orders of Monocotyledons. Orders known to contain 
raphide-producing species are marked (+); those believed to lack them (—). 
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had diverged from the dicotyledons—an example of parallel evolution. They arose 
only once in this group, it would seem, and dropped out in at least one branch (Kimura S 
Sicciflorae fig. 3, E 13-17). In the dicotyledons they must have arisen several times, 
for they occur not only in the families mentioned above, but in several other groups. 
They are found, for example, in Greyia Hook. & Harv. of the Melianthaceae (or 
Greyiaceae), the only occurrence in the family, and in the Balsaminaceae (Impatiens 
Riv. ex L. and Hydrocera Bl.). Both of these families are placed in the Sapindales, 
where raphides seem otherwise to be absent. They do not occur in Trapa L., but are 
present in the Oenotheraceae (see Gibbs, 1954, pp. 4-5 and 17) ; in several families of 
the Centrospermae ; and in the subfamily Rubioideae of the Rubiaceae (Bremecamp, 
1952). 

tt would not be just to leave this discussion of the occurrence of raphides in the 
flowering plants without a tribute to the pioneer work of Gulliver, who published, in 
1866, a paper “ On raphides as natural elements in the British flora”. In this paper 
he records their distribution in considerable detail, and says that it may be of use in 
taxonomy. Further, and importantly, he stresses the constancy as a character of 
these crystals : 


‘In short, I know of no means by which a raphidean plant can be grown in 
health, if at all, so as to extinguish this character, nor by which a plant regularly 
devoid of raphides can be made to produce them.” 


In this article I have tried to show some of the biochemical lines along which our 
taxonomic thinking has developed in the hundred years that have passed since 
Darwin and Wallace electrified the scientists (and others) of the nineteenth century. 
Organic evolution, and with it biochemical evolution, are now generally accepted as 
facts, but we know all too little of the biochemical facts. At least one book (Florkin, 
1949) has appeared with the title Biochemical Evolution. Its translator (Morgulis) 
points out that “It is, of course, unfortunate that the factual material is drawn 
entirely from the animal kingdom ”’. We may consider it unfortunate that this was 
not indicated in its title ! 

The development of modern methods—such as those of chromatography—make 
it ever easier to investigate the chemistry of living organisms. We may be confident 
that the coming century will see the publication of books on the biochemical evolution of 


plants that will be based upon incomparably better evidence than is available to us 
in 1958. 
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HABITS OF LIFE AND EVOLUTION OF BODY DESIGN 
IN ARTHROPODA 


By 8. M. Manton, F.R.S. (Mrs. J. P. Harding). 


(Zoology Department, King’s College London and the British Musuem 
(Natural History).) 


(With Plates 1 & 2 and | text-figure.) 


Introduction. 


Within many animal phyla species exist which show detailed structural adapta- 
tions to particular environmental circumstances. The hermit crabs are time-honoured 
examples. The diagnostic characters of many classes and orders have on the contrary 
been regarded largely as non-adaptive in respect of habitat, and systematists have 
valued so-called non-adaptive features as useful bases for classification. In recent 
years the study of living Arthropoda has demonstrated the functional significance of 
a large number of diagnostic characteristics of classes and orders which hitherto have 
held no more than classificatory significance for us. Correlations between the sensory 
and feeding equipment of the head and habits of arthropods have been appreciated 
for many years, but it is now clear the trunk features also are associated in great 
detail with habits of life (see Parts 1-6 and future parts)'. 


Habits of Life of Evolutionary Significance. 


Animals living in the same environments may possess very different habits. For 
example, the Onychophora, Pauropoda, Symphyla, Chilopoda, Diplopoda (Pls. 1 and 
2), scorpions and many hexapodous arthropods may live in or under the same 
decaying log, but the habits of these animals are significantly different. This differ- 
entiation of habit, and the morphological features which accompany each habit, 
must have evolved together. Structural advances of this nature enable animals to 
live better in a wide variety of circumstances, in contrast to the detailed specializa- 
tions of the hermit crabs and other animals which have perfected their abilities to 
live in one particular niche. 

Habits of life which appear to have been of evolutionary significance vary greatly 
in their ease of recognition because they may not be exercised all the time. A centi- 
pede (Chilopoda) (Pl. J, figs. 6, 7, and Pl. 2, fig. 9) and an ungulate both show their 
maximum speeds with reluctance because slower movements can be accomplished 
with greater mechanical efficiency and are therefore preferred. But it is the ability 
to run fast occasionally, and perhaps at great cost, which results in escape from a 
predator or the catching of prey, and it is these accomplishments which have deter- 
mined the pattern of skeleto-muscular evolution, and not the leisurely movements 
more frequently employed. However, animals whose basic construction is largely 
associated with speedy running are usually easy to recognize. 

Habits of evolutionary significance which are less easy to recognize may be exem- 
plified by those of Polyxenus. This sucker-footed millipede (diplopod), alone among 
Myriapoda, can live upside down on a glass-smooth surface, making temporary 
excursions elsewhere for feeding. When predators and climatic conditions allow, 
Polyxenus spreads into a wide variety of habitats ranging from crevices under bark 
to the leaves of trees, among the branches of coastal plants, some inches into soil, 
and deep into old stone walls or among rocks. When conditions become rigorous, 

' The series of papers on the evolution of arthropodan locomotory mechanisms, and other 


habits of life (Manton, 1950-58) which have already appeared in the J. Linn. Soc. (Zool.), or are 
in course of preparation, are referred to as Parts 1-8 on the following pages. 
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then the special proficiencies of the animal for living on ceilings of narrow-mouthed 
crevices, where less sure footed predators cannot follow, may determine survival 
together with the several structural devices and habits which result in escape from 
enemies, floods and drought (Part 5). Abundant cast skins stuck to smooth rock 
ceilings, together with animals of all ages, can be found some distance from vegetable 
food upon which Polyxenus depends. 

Burrowing may be an alternative occupation to surface running for many crea- 
tures, and has often played a large part in shaping their bodies. Geophilomorph 
centipedes (Pl. 1, figs. 3-5) have adopted the earthworm-like method of utilizing the 
body muscles to provide the burrowing force when the segments thicken and widen, 
while a bulldozer-like technique using armour plating and the force of the limbs is 
employed by millipedes (Diplopoda) (Pl. 1, fig. 2). All the conspicuous trunk features, 
entirely different in these two groups, are correlated with this habit. In the Geo. 
philomorpha many short wide segments with telescopic inter- and intra-segmental 
joints (compare figs 4 and 5 and the two ends of the animal in fig. 3), and neat. ways 
in which the shape of the external armour can be changed, provide a method of 
obtaining the greatest shape changes per unit length of body, and therefore the most 
effective burrowing ability. The worm-like Orya and Himantarium with about 130 
segments show a culmination of this tendency. The former can exert a pushing force 
of 360-400 g./sq. cm. of tergite surface, a figure substantially higher than that exerted 
by the surface of a burrowing annelid of comparable size, and Pl. 1, fig. 3 shows 
how Himantarium can flatten itself to a ribbon without pushing as it “ flows ” through 
tight places, in this instance a slit in a card. A maximum bulk of muscle in these 
centipedes is diverted to the dorsal, lateral and ventral longitudinal series whose 
contraction supplies the surprisingly large force. 

Many diplopods by contrast exert their thrust upon the soil through the head end, 
where a skeletal shield, of various sorts (collum, or the first few tergites) transmits the 
force. The normal use of the legs (PI. 1, fig. 2) in pushing the body forwards against a 
resistance is not very different from a pulling action by the legs, and the readiness with 
which a harnessed diplopod will pull a sledge of weights which it can only just shift is as 
characteristic of the group as is the possession of diplosegments. Intersegmental 
joints must be strong, flexible, and longitudinally incompressible if a force is to be 
effectively transmitted to the front end of an animal. Without the evolution of 
diplosegments, suitably mobile yet incompressible intersegmental joints could only 
exist on longer segments, which would mean fewer legs per unit length of body than 
are present in a typical diplopod. An animal without diplosegments could not exert 
so strong a push and would be a less efficient burrower (Part 4). Much can be learned 
by observing animals performing their approximately normal occupations under 
controlled conditions, and animals cannot be persuaded to carry out quite abnormal 
performances. The large number of conspicuous morphological characteristics (some 
50) which have so far been shown to be associated with certain habits of life (Parts 
2-8) indicates that such studies are essential for understanding the divergent evo- 
lution of the component groups of the Arthropoda. 


Design of Skeleto-muscular Systems. 


Skeleto-muscular systems provide mechanisms capable of giving either slow strong 
movements or quicker weaker ones, since the power of a muscle can be expressed in 
terms of force, time and displacement. But the two types of movement are mutually 
incompatible. Strong movements require robust jointing and series of short wide 
muscles, since the tension generated by a muscle is roughly proportional to its trans- 
verse sectional area. It is usually mechanically impossible to combine large displace- 
ments with great strength of movement. Rapid movements on the contrary are 
effected in arthropods by relatively longer muscles giving greater displacements ; the 
joints between the hard parts are often weak, but allow wide angular movements. 
The telopodite of the legs of all common fast-running centipedes is not united to the 
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coxa by either a ball and socket, or a tight hinge, or a pivot joint articulation between 
the hard parts, but by a narrow complex rod of sclerotized cuticle set at right angles 
to the proximal rim of the trochanter (Text-fig. 1b). A more surprising support for a 
longish leg could hardly be found, yet the elasticity of this minute union contributes 
to the wide angular displacements of the leg which may reach some 85° ; the strength 
of this union is sufficient for fast running but entirely unsuitable for strong legs used 
for burrowing, or for the support of much longer or stouter legs. The weakness of 
rapidly contracting muscles in fast runners is often compensated for by an increase 
in their number. The fleet centipede Scutigera possesses 33 extrinsic muscles while a 
strongly pushing iulid possesses but two (Parts 6 and 7). 

Slow strong movements are characteristic of Diplopoda, and it is therefore not 
surprising to find another habit of fundamental importance to this group, that of 
readily assuming a protective spiral position. The ability to spiral tightly however is 
the result of extensive modifications at the anterior end of the body, where fewer 
legs are present on what appears to be the first few diplosegments, so making place 
for the intucked head. The two habits: burrowing by the motive force of the legs, 
and spiralling, are both associated with the evolution of the basic trunk character- 
istics of Diplopoda, which include the nature of the cuticle ; the detailed form of the 
diplosegments and collum; the number of segments; the position of origin, the 
lengths and shapes of the legs; the nature of the various types of joints, and the 
musculature of both body and legs (Parts 4-6). 

“The production of the most effective motor system is beyond doubt one of the 
principal aspects of animal evolution. The mode and rate of locomotion are linked, 
either directly or indirectly, with all the peculiarities of the body architectonics ”’. 
This statement made by Zenkevich (1945), on reviewing the evolution of animal 
locomotion, could not be more appropriately applied than to the Myriapoda. The 
most effective motor system in a wide sense involves much more than the various types 
of gait which are now known to give either fast or strong movements, each type of 
gait being facilitated by far reaching structural features. Flexibility or rigidity of the 
body may be equally important. When areas of cuticle are fairly rigid, joints between 
them are essential, but joints allowing great mobility in all directions, as well as 
concertina-like contractions and expansions, are usually most undesirable, since mus- 
culature must be diverted to restricting flexures in unwanted planes if movements 
are to be precise, strong or fast. The use of skeleton to restrict movement renders 
more muscle available for locomotory purposes. 

Ball and socket joints are rare in arthropods, and when they occur, as for example 
between the diplosegments in diplopods and between coxa and body in some insects, 
much controlling musculature is needed. Comparative myology of chilopods shows 
the effects of an upper limit to the musculature which one trunk segment can provide ; 
if great demands are made for a certain type of muscular component, then corres- 
ponding economies must be effected in other components. Joints which are expensive 
in attendant muscles reduce the potential musculature available for effecting direct 
flexures of the segments of body or limbs, and will not assist an animal to excel in 
either strength or speed of its limb movements. The bulky geophilomorph muscles 
which cause the concertina-like shape changes of the body, which can be long and 
thin or short and thick (Pl. 2, figs. 3-5) allows the existence of little extrinsic limb 
musculature, and limb movements are neither fast nor strong. The fleet Scutigero- 
morpha on the other hand have exploited the properties of skeleton and shape of hard 
parts to the full and drastically reduced the bulk of trunk musculature, so allowing an 
abundance of extrinsic limb muscles such as is found in no other myriapod. 

Very few arthropods have concertina-like bodies such as shown by the geophilo- 
morph centipedes and Onychophora (Pl. 1, figs. 3-5, and Pl. 2, figs. 14-16). The 
majority have at least an effective “ vertebral column ” of some sort, dorsal or ventral 
skeletal or skeleto-muscular, which fixes a linear dimension along one axis of the body. 
For example, many Chilopoda and the Symphyla (PI. 1, figs. 7, 8, and Pl. 2, fig. 12) 
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have in effect a dorsal “ vertebral column ” which usually does not “let out ” when 
the body flexes in either the vertical or horizontal planes. The greater the number 
of hinges across a . vertebral column ”’ the easier will dorso-ventral flexure become, 
and the extra tergites on segments 4, 6 and 8 in the Symphyla (see white arrows on 
Pl. 2, fig. 11) can together contribute some 75° angular displacement to the very free 
dorso-ventral flexibility of these animals (Pl. 2, fig. 12). Dorso-ventral bending of this 
sort is accompanied by a ventral intake of some kind, such as a folding of the segments 
and this folding is particularly easy in the Symphyla owing to the disposition of the 
stiffer parts of the cuticle. Provisions such as these are important items in an animal’s 
make up, but they can only be appreciated through a study of living creatures, 
together with their accomplishments, and with deductions concerning the animal’s 
requirements. That Symphyla are exceptionally able at twisting and turning can be 
ascertained from observations and comparisons between the photographic records of 
the activities of many types of animals. Symphyla inhabit leaf mould and mounds 
of rotten wood, etc., to considerable depths, but their delicate bodies are not suited to 
burrowing by either the geophilomorph or diplopod method. By very free flexures 
in all directions Symphyla traverse awkwardly shaped crevices without pushing, and 
in this habit we have an explanation of the extra tergites diagnostic of modern 
Symphyla, and can appreciate why this curious feature has been evolved. 

It is now generally agreed that the Symphyla stand closer to the insects than do 
any other living myriapods (Tiegs, 1945 ; Tiegs & Manton, 1958) ; the head structure, 
segment number and ontogenetic development point to this ; the progoneate condition 
in Symphyla is secondary (Tiegs, 1945) and the full range of insectan gaits is shown by 
Symphyla but by no other myriapods (Part 8). The outstanding differences lie in the 
absence of eyes, the presence of extra tergites and the full series of legs. More speedy 
running can result from a reduction in leg number and an increase in leg length, and the 
use of only 6 legs has been evolved independently many times (see p. 64 and Part 2). In 
respect of segment number the Symphyla could be considered as descendents from the 
ancestors of insects, and now we can appreciate that the lack of eyes and the presence 
of extra scutes are specializations correlated with present-day habits of life. Thus 
no further difficulties lie in the way of accepting the suggestion that the Symphyla 
and insects have had a common ancestor. Symphyla have remained generalized for a 
variety of reasons (Part 8), but they have indulged in a few specializations of their 
own in correlation with their present-day habits. Primitive animals to-day have 
survived either because they have evaded competition or because they are very 
competent at something, and in this the Symphyla are no exception. 

Limbs as well as the trunk have a need for a fixity of length in certain directions. 
Distal leg segments in many land arthropods are united by tight dorsal hinges, so that 
a line passing through them and along the leg always remains the same length, although 
ventrally the flexed leg is shorter than when it is extended. The proximal limb 
segments in all animals so far examined are incompressible along a line passing 
down the middle of the anterior face. These contrivances result in the most advan- 
tageous and economical use of the available musculature, whose intrinsic bulk cannot 
exceed the internal volume of the leg segments. The proximal line or lines of incom- 
pressibility enable antagonistic pairs of intrinsic muscles to raise and depress the leg 
segments. Distal extensor muscles are not required by myriapods or by many other 
arthropods?, a remarkable achievement for a leg which exerts a propulsive thrust 
against the ground during the latter part of the backstroke when the limb is extending ; 
all available muscles to the distal leg segments are flexor in function, so giving a 
maximum pull during the first half of the backstroke when flexures are inereasing. 
Tf distal extensors were needed, as in vertebrates, in crab and crayfish walking legs and 
in certain myriapod and arachnid joints with specialized movements, the flexors would 


2 Bxtension of joints which lack extensor muscles is effected by extrinsic remoter and proximal 
intrinsic depressor muscles, together with a rotation forwards of the dorsal surface of the leg 


during the backstroke. (Part 6). 
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have to be smaller and therefore weaker than they are. The shape and number of 
leg segments is correlated in great detail with the functional requirements of the animal 
(Part 6) and it is necessary to appreciate the significance of such structural features 
before deductions can be made concerning homologies and evolution of leg segmen- 
tation in various groups of animals. 


Gaits and Body Undulations. 


The gaits employed by terrestrial arthropods are becoming well known. Where 
strong slow movements are needed, as by diplopods when burrowing, the backstroke 
of the leg is of much longer duration than the forward stroke, and consequently many 
legs are pushing against the ground at any one moment (PL 1, fig. 2, black spots). 
Where rapid movements are needed, as by fleet centipedes escaping from enemies or 
pursuing prey, the backstroke may be only 1/10th of the duration of the forward 
stroke, then very few legs touch the ground at any one moment (PI. 1, fig. 6, black 
spots) and stepping also may be fast. ; 

Annelids or arthropods which use many similar parapodia or limbs for either 
crawling or running exhibit a metachronal rhythm of limb movements. It would be 
impossible to use all limbs in similar phase, except in special cases, and the result 
would then be jumping and not crawling ; and if there was no co-ordination between 
successive limbs the trunk segments would have to be long and the limbs or parapodia 
short if mechanical interference was to be avoided. The metachronal waves of limb 
movement which appear to travel either forwards or backwards along the body 
respectively, determine whether successive legs in the propulsive phase diverge (Pl. 1, 
figs 2,7, and Pl. 2, figs. 9, 12) or converge (Pl. 1, figs 3, 4, 6, 8). The exact phase 
difference between successive legs in annelids and arthropods is of great importance to 
the animal and is dictated by mechanical needs; the phase difference is readily 
changeable with the gait, and the apparent direction of the wave can be reversed by the 
same animal. It is advantageous for animals to run without any crossing of successive 
legs, and when this cannot be avoided, owing to the presence of many, not very short, 
legs, the crossing must take place on the forward swing (as on the right side of Pl. 2, 
fig. 9). A Scolopendra using a “fast” pattern of gait is supported at one or two points 
on each side of the body only, with 10 successive legs off the ground in the forward 
stroke (Pl. 1, fig. 6, right side). Such long unsupported stretches of body present 
mechanical problems to the animal which would have prevented the acquisition of 
fleetness had they remained unsolved. Legs of a pair must move in opposite phase so 
that the few points of support for the body are staggered on the two sides ; sagging 
of the unsupported segments must be prevented so that they do not drag on the 
ground, but the body must be carried close to the substratum if maximum strides are 
to be achieved ; and, in contrast to polychaetes, lateral undulations in the horizontal 
plane must be minimized because their occurrence reduces stride length, and there- 
fore speed, and wastes energy in lateral displacements. The meeting of these needs 
has involved the whole architecture of pleuron, tergites and trunk musculature of 
centipedes. 

Zoological writings have not infequently referred to powerful serpentine move- 
ments of centipedes, assuming that lateral undulations of the body (Pl. 1, fig. 6) 
provide a locomotory thrust as in snakes. A palaeontologist’s speculations even go 
so far as to suggest the derivation of arthropods as a whole direct from polychaetes 
via “ protoarthropods ” exhibiting such movements. The lateral undulations, so 
conspicuous in the field when lithobiomorph or scolopendromorph centipedes are 
disturbed, are not shown when the animals move about in a leisurely way ; they are 
only apparent, and in progressive measure, as the animals attempt to run faster. If 
these undulations were contributory towards locomotion, a thrust against the ground 
by the body might be expected, yet a Scolopendra can run its fastest over smoked 
paper with maximal undulations without making a mark on the paper by the body. 
If Scolopendra is suddenly confined laterally when running, it does not exert any 


J.L.S.B. LVI] HABITS AND EVOLUTION OF BODY DESIGN IN ARTHOPODA 63 


lateral pressure by the body against the obstacle, although it may flatten many legs 
against the flanks to ease its passage. The body may rotate through 90° in order to 
exert the geophilomorph-like dorso-ventral pushing against the obstacle by becoming 
thick, but this does not provide speed. As shown in Part 3, undulations onl y become 
apparent when the controlling mechanisms break down. 

An analysis of the way in which lateral undulations are controlled (Part 7) shows 
us not only why alternate sized tergites all along the body have been evolved in the 
three fast running orders of centipedes, but in addition, why the two successive 
tergites 7 and 8 are both long in all these animals, although the body lengths differ 
(Pl. 1, figs 6, 7, 8 and Pl. 2, fig. 9). The progressive manifestation of tergite heteronomy 
in those centipedes most interested in running fast, and doing so with increasing length 
of leg, is associated with features of the muscles and joints. Horizontal flexures of the 
joints lying at the anterior ends of the long tergites can be hindered so that only every 
other inter-tergite joint flexes conspicuously and the region of greatest rigidity lies 
at tergites 7 and 8 (Part 7). In Lithobius each long tergite bears important extrinsic 
limb muscles from three successive pairs of limbs, and this scute is indirectly united 
with five sternites, while a slow-moving geophilomorph centipede, in which there is 
a lesser tendency for the body to undulate, shows only one set of extrinsic limb muscles 
passing up to each tergite, which is linked with but two sternites. 

It appears to be desirable for running myriapods to sense what is before them by 
turning the head and antennae from side to side ; Onychophora, Diplopoda, Chilopoda 
and Symphyla do this, often tapping the ground with the antennae. The extra rigidity 
at tergites 7 and 8, where two large scutes carry many more than their fair share of 
segmental muscles, effectively damps out the undulations started by the head move- 
ments except when the faster gaits are employed, an effect clearly demonstrable by 
analysis of cinematograph records. Scutigera (Pl. 2, fig. 9), the fleetest centipede 
and with the longest legs, achieves the greatest control of body undulations by fusing 
tergites 7 and 8, and eliminating half of the other inter-tergite joints by the drastic 
reduction in size of the short tergites which are invisible in dorsal view, so that in 
effect two consecutive joints are replaced by one. If undulations were not very 
well under control, only gaits slower than those actually employed by Scutigera 
could be used without stumbling. The tendency to undulate is mitigated to some 
extent by a shortening of the trunk segments in Scutigera compared with those of 
LIithobius or Scolopendra, but this shortening means that limbs must be moved with 
great precision to avoid mechanical interference with one another, since their fields 
of movement overlap so extensively (Part 2). This control of flexure at the inter- 
tergite joints is facultative, more acute flexures at all joints can be seen when animals 
are cleaning themselves (PI. 2, fig. 10) or, in the cases of Lithobius or Scolopendra, 
curling themselves horizontally into small spaces under bark or stones (Part 7). 


Segment and Leg Numbers. 


Function will take us far towards an understanding of the variations in segment 
number in arthropods. The historic arguments as to whether long bodies or short 
bodies are primitive can be replaced by clear evidence, but the answer is not a simple 
yes or no, similarly applicable to all groups of animals. An increase in the number 
of short wide segments in geophilomorph centipedes and in iulid millipedes to some 130 
will increase their efficiency as burrowers, but for quite different reasons (PI. 1, figs 
2-5 and see above). A trunk segment number of the order of 20 is small enough for 
a progressive increase in leg length along the body to help the animal to take maxi- 
mum strides and not “‘ tread on its own toes’ when it runs fast (scolopendromorph 
centipedes, Pl. 1, fig. 6). Legs, like machines, work most easily when their loading 
is even and not greatly changing from moment to moment. The loading is almost 
or quite even during the faster gaits of Lithobius and Scutigera when only 13 or 14 
pairs of legs are used (Pl. 1, fig. 7 and Pl. 2 fig. 9); a slightly greater number would 
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produce uneven loading, and the 15th pair of legs in these animals serve either as 
hooks or posterior “antennae”. The smaller numbers of legs present in the early 
larval instars of these animals can achieve even loading only when slower patterns 
of gait are used (Part 3). Thus the addition of segments in later instars permits fast 
gaits to be employed, an advantage in a pursuit of speed. The evolution of an optimum 
number of segments is doubtless associated with leg length, muscle physiology and 
the need for speed by these animals. The several numbers of body segments, precisely 
fixed or otherwise, in the various orders of millipedes also appear to be correlated with 
habits (Part 4). 

Presumably land arthropods first possessed short legs, perhaps no longer than 
those of Peripatus and Ayshaeia. An increase in leg length brought many advantages, 
not least being the ability to take a longer stride and therefore to run faster. But the 
possession of many long legs does not permit the use of much variety of gait if stum- 
bling is to be avoided easily, and speed changes have to be done largely or entirely by 
varying the pace duration (Ligia and Scutigera) and not by using faster or slower 
patterns of gait as well (Part 2). A reduction in the number of legs used for walking 
or running to four or three pairs has occurred independently many times in Crustacea, 
Arachnida and probably more than once in the various hexapods (Collembola, Protura, 
Diplura, Thysanura and pterygote insects). This reduction brings many advantages ; 
legs can be longer still and fanned out so that their fields of movement scarcely over- 
lap, if at all, and a wide variety of gaits is then practicable. Functional requirements 
also demand that few legs must arise close together and anteriorly (Part 2), and so 
we can appreciate the significance of the robust thoracic segments, sometimes moving 
little on one another, of hexapods and the united prosoma of arachnids. Yet a 
palaeontologist does not hesitate to inform us that the loss of ambulatory appendages 
“ throughout the whole postcephalic body, while it was well adapted to aquatic life, 
constituted a terrible and unique handicap to those chelicerates that crawled out into 
the air” without advancing any data in support of the statement. In the absence of 
precise knowledge of the meaning of animal shapes it has been safe to put forward 
many unsound comments on arthropod evolution. 


Peripatus : An Arthropod. 


The anatomy and general habits of the Onychophora have been reasonably well 
known for a long time, and it is clear that these soft-bodied creatures, possessing a 
haemocoel and many short legs, exhibit a simplicity of structure which is primitively 
so and not a secondary degeneration (Part 3). There is strong evidence for the belief 
that the Onychophora have evolved from the common ancestors of the great myriapod- 
insect stem (Tiegs, 1945, 1947 ; Manton, 1949; Tiegs & Manton, 1958). Yet there are 
zoologists who affirm that the Onychophora are not arthropods—usually on the 
grounds of the soft body wall, unstriated muscles and the form of the jaws. No text- 
book or monograph drops even a hint as to why the Onychophora have retained a 
soft body wall, while it has been expedient for other classes of arthropods to acquire 
scutes. The answer to this important question is not far to seek, and it is associated 
with the occurrence of unstriped muscles and with the form of the jaws. 

Deformability of body is more characteristic of some annelids and molluscs than 
of arthropods. A small garden slug confined behind the head between two plates has 
no difficulty in moving its body through a gap not much deeper than the thickness 
of a sheet of bristol board. The lug worm Arenicola and Peripatus both readily 
escape though very narrow cracks in a wooden box. Photographs of a specimen of 
Peripatopsis moseleyi extended and contracted are shown in Pl. 2, figs 15 and 16 
and the holes (through a sheet of cardboard) next to Peripatus novaezealandiae 
in fig. 14 are all passable to this animal. Selection of a hole to squeeze through 
is made by explorations with the antennae. The smallest hole shown is about 
1/9th of the T.S. area of Peripatus when resting, and 20 minutes were taken by the 
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animal to deform the body locally to an even smaller diameter in order to work one 
leg at a time through the hole all along the trunk. No pushing is exercised, the velvety 
body bears a delicate sensory hair from the apex of every skin papilla. This feat in 
deformation could not be achieved by an animal possessing external scutes of any 
kind (compare fig. 14 with fig. 3 showing the greatest deformability of a scute-bearing 
arthropod) ; nor with one equipped with a pair of mandibles united by the usual 
mandibular adductor muscles and tendon (tentorium) ; and this deformability must 
be recognized as having survival value. In fact it represents a very highly specialized 
achievement of evolutionary significance which has hitherto not been appreciated. 
Onychophora can be found in tree-less as well as wooded country, but some of the 
greatest densities of populations occur deep in decaying logs. If laboratory specimens 
are confined in small chambers containing food and damp decaying wood fragments, 
and intercommunicating by narrow passages or cracks, most animals move through 
one or more of the narrow passages before settling down. This habit under natural 
conditions cannot fail to lead the animals to rest in places where no predatory chilopod, 
scorpion or beetle could follow which was large enough to harm Peripatus. 

The ability to distort the body resides in the connective tissue “ skeleton ” 
situated below the ectoderm on to which the musculature is inserted. This layer 
shows functional resemblances to coelenterate mesogloea (Chapman, 1953 ; Batham 
& Pantin, 1951), its configuration being readily altered, although the component fibres 
probably remain the same length. The fibres are complex in arrangement, their 
combined thickness being greatest dorsally and least on the legs, and relatively thicker 
in the larger animals, as might be expected of a skeletal structure. This deformable 
skeleton ranks as one of the most important specializations possessed by Onychophora. 
Polychaetes possess a similar but thinner sub-epidermal layer of connective tissue. 
The cuticle of Peripatus appears comparable to those of other arthropods, but is very 
thin, the outer sclerotized layer being too thin to provide rigidity. Sclerotized 
cuticle is important because it carries hydrofuge lipoids (Blower, 1951), but it does 
not stretch. A caste cuticle of Peripatus floated on to water has a 17% greater 
area than the apparent surface area of the animal from which it came. The part 
of the cuticle which is absorbed by minute furrows between sensory papillae, giving 
the velvety appearance of the animal, allows great shape changes of the body to be 
associated with a very hydrofuge, sclerotized, but unstretchable outer cuticular 
layer. That Onychophora do not lack the ability to form thick sclerotized cuticle, 
which is consequently stiff, is shown by the presence of claws, jaw blades and long 
hollow apodemes for the insertion of jaw muscles (Manton, 1937). However, an 
elaboration of either subcutaneous collagen or the evolution of cuticular scutes was 
probably an early parting of the ways between Onychophora and other Arthropoda. 

Slowness of movement is desirable in animals whose bodies suffer great deforma- 
tions, such as sea anemones (Batham & Pantin, 1950) and the slowness of onycho- 
phoran movements similarly avoids sudden or large changes in haemocoelic pressure 
when deformations are great. But the absence of striated muscle in limbs and trunk 
of Peripatus also is associated with an ability to deform the body extremely. Un- 
striated muscle fibrils may contract by 400-500 per cent. (Batham & Pantin, 1951) 
but striated muscle frequently contracts by but 20 per cent. or less. It is unlikely 
that an animal equipped with striated muscle could achieve the range of deformations 
shown by Peripatus ; secondarily soft bodied arthropods do not doso. The retention 
of the unstriated muscles of an annelid-like forbear must have been essential for the 
exploitation of the habit of squeezing through awkward places which appears to have 
been of great survival value. ; 

The jaw movements of Peripatus, so like the stepping movements of the legs 
(Manton, 1937), may be primitive, and have probably been preserved because the 
evolution of mandibles, which bite in the transverse plane and are supported internally 
by tendon and endo-skeleton, was incompatible with squeezing through cracks. Even 
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the head of Peripatus can pass very narrow places where a slug may be halted by the 
size of its odontophore. ; 

Thus the three onychophoran characters which have been held as evidence against 
the arthropodan nature of these creatures are directly associated with habits of life 
of fundamental importance, and do not withhold the arthropodan status from the 
group. Further, the gaits of Peripatus are more generalized than those of any other 
class of arthropod. The more specialized gaits of the various myriapod and hexapod 
groups could readily be derived from gaits such as those of Peripatus (Parts Moe 3 
The persistence of primitive undeveloped gaits in an animal whose star turn is neither 
running nor pushing but squeezing without pushing, is readily understandable ; itis 
also possible that a connective tissue skeleton is not sufficiently firm to permit either 
the strong slow movements or the quicker ones associated with the more specialized 
gaits of other arthropods. A consideration of habit greatly advances our understand- 
ing of the structure of these “ living fossils ”’. 


Scutigera : A Specialized, Not a Primitive Centipede. 


Onychophora and Symphyla are not the only arthropods which derive protection 
from awkward crevices ; indeed, it is only the longest-legged or the winged arthropods 
which avoid this type of hiding place. Millipedes eat and push their undeformable 
bodies through an abundance of decaying vegetable matter, but most centipedes seek 
their elusive prey partly in the open and partly in crevices. Chilopods when caught 
are nearly always hungry, while diplopods are seldom in need of a meal. Getting into 
crevices which are wide enough to take the laterally projecting legs of chilopods is 
assisted by the soft pleuron allowing some dorso-ventral flattening. The tergites and 
sternites of the Lithobius shown in PI. 1, fig. 7 can be pulled together sufficiently for 
the animal to pass the gaps shown. The width of the head and poison claws is about 
twice that of the larger gap, and were it not for considerable specialization of head, 
mouthparts and poison claws the head could not pass through so small a space. 
Not only can the head pass, but the poison claws and second maxillae, which grip the 
prey can move in the horizontal plane and manipulate food in so shallow a crevice. 
The head itself is very flat, the antennae arise anteriorly, not dorsally, and the joints 
of the poison claw are very neatly contrived (PI. 2, fig. 13). 

Scutigera on the contrary feeds in more open spaces and predominantly on flies ete. 
and the head has clearly never been specialized by flattening as in other centipedes. 
A Scutigera equal in weight to Lithobiws cannot traverse so shallow a slit (PI. 1, fig. 7). 
Fahlander (1938) has drawn attention to some primitive features of the head of 
Scutigera, the dome shape with dorsally arising antennae much as in primitive insects, 
the more elongated and leg-like form of the poison claw and second maxilla, and the 
more primitive state of the former with a separate sternite (Pl. 2, figs 9 and 10). 
The movements executed by these mouthparts are more ventrally directed and can 
be considerably varied, and the joints of the poison claw are not so specialized for 
working in a dorso-ventrally confined space. The primitive state of the head has led 
Fahlander (1938) to believe that the Scutigeromorpha are the most primitive centi- 
pedes. A functional analysis of the trunk morphology (Part 7) on the other hand 
indicates that the group is the last word in centipede advancement and specializa- 
tion, and we are not surprised to find compound eyes only in these most fleet and 
agile of all centipedes. 

This seeming contradiction in conclusions drawn from the head and from the trunk 
is explicable on the feeding habits. Scutigera appears never to have been adapted 
for hunting and feeding in very shallow crevices, as have other centipedes ; its longer 
legs, conferring its great speed of running, do not lend themselves to moving rapidly 
in crevices, in contrast to scolopendromorph and lithobiomorph centipedes. Scutigera 
can lower its body most expertly into small depressions and slowly fit itself, legs and 
all, into quite small cracks during the many hours when it is hiding and not hunting, 
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but it cannot run rapidly in such places as can the shorter-legged centipedes. We can 
but suppose that the ancestors of Scutigera were always more open in their habits, 
even before they acquired their superlative specializations associated with long legs 


(Part 7), and that they thereby avoided the head specializations seen in other groups 
of centipedes. 


Habit Reversals and Their Consequences. 


The search for the functions of morphological characteristics of animals is often 
greatly helped by comparisons between different groups. Some arthropods, like 
humans, appear to have become “ dissatisfied ” with what they have achieved and 
have embarked upon opposite habits. Such reversals are correlated with structural 
modifications superimposed upon an earlier morphology associated with the opposite 
type of habit. The most significant habit concerned with the evolution of Diplopoda 
is that of obtaining cover and food by pushing into the substratum. Subsequent changes 
in the exact method of pushing and in. the perfection of secondary accomplishments 
appear to be associated with the morphology of the various orders. The Lysiopetaloidea 
however have abandoned their basic pushing habit in favour of fleetness and car- 
nivorous feeding. The angle of swing of the leg has been increased at the expense of 
the strength of the coxa-body articulation ; the appearance of long extrinsic limb 
muscles gives increased displacement at the leg joints, while the normal short extrinsic 
muscles usually supplying strength are reduced ; long intrinsic muscles traversing 
many segments replace the typical diplopod series of short muscles, and many 
convergencies towards the morphology of the fast-running centipedes are seen in the 
muscle topography. The study of animals such as the Lysiopetaloidea provides 
additional evidence as to the significance of muscle and joint morphology in typical 
pushing diplopods and in fast-running chilopods, besides giving clear indications as 
to the phylogeny and changing habits of the Lysiopetaloidea themselves (Part 6). 

Among the centipedes there is one outstanding example of habit reversal coupled 
with changed morphology, but the full significance of the reversal has not yet been 
elucidated. Through the kindness of Professor V. V. Hickman I have been privileged 
to keep Craterostigmus tasmanianus in captivity, a centipede allied to Lithobius and 
found only on some mountains in Tasmania and the South Island of New Zealand. 
Pocock (1902) described the animal as possibly intermediate between lithobiomorph 
and scolopendromorph centipedes and regarded the former as creatures in which 
every other segment had been more or less eliminated, complete with legs! He did 
not consider, from the functional aspect, how or why such an astonishing change 
could have come about. Attems (1926) and others have rejected this idea and have 
appreciated the correctness of placing Craterostigmus within the Lithobiomorpha. 
The basic morphology is clearly that of Lithobius with a pronounced degree of tergite 
heteronomy and a similar number of body segments and limbs, but the segments are 
much longer and thinner, so that the overall proportions are more like a scolopendro- 
morph than a lithobiomorph centipede (PI. 1, figs 6-8). The most curious features 
of Craterostigmus are all associated, directly or indirectly, with a secondary increase 
in the ease of horizontal flexing of the body. Each long tergite is divided into large 
anterior and small posterior scutes, and the latter overlap the scutes lying in front 
and behind them, a device facilitating flexure at the joints, and also found just behind 
the head in some scolopendromorph centipedes. Pleural scutes have been rearranged 
to give bending along a vertical line level with the extra dorsal joints. This has 
weakened the normal support for the coxa, an effect compensated for in a unique 
manner, but leaves the coxa far less mobile than in other centipedes (see Part 7). 
Craterostigmus can only run slowly, and by slow patterns of gait which bring the 
points of support of the body much closer together than in the fast gaits of Scolopendra 
(compare the distances between the black dots on PI. 1, figs 6, 8). Very intense illu- 
mination can momentarily stimulate Craterostigmus to try to run faster by using a 
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lightly faster pattern of gait in which the points of support of the body are further 
eaoka eae of ee legs in the propulsive backstroke and uncontrollable 
undulations of the body bring the effort to an end. ' : 
What this increased flexibility in Craterostigmus is used for in natural circum- 
stances is as yet not fully known. One suspects that the advantage must be great for 
the whole trunk morphology to have been changed in this way and the ability to 
run fast to have been abandoned. The animal lives much as do many Scolopendro- 
morpha, but in wetter places, within decaying logs etc. The long flexible body allows 
Oraterostigmus to curl round its eggs and guard them as the Scolopendromorpha do ; 
Lithobius cannot do this, its shape and jointing being unsuitable, and the eggs are 


N 
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Diagrams to show a striking convergent resemblance between a leg joint of (a) a diplopod Polyxenus 
and (b) a chilopod Lithobius which is the result of a pursuit of speed and not strength of 
movement. 

The coxa, frequently cylindrical and articulated with rigid trunk cuticle, is so widened 
proximally in these animals that much or all of the coxa forms a broad plate almost flush 
with the body surface, and the proximal rim fades into arthrodial membrane on the trunk 
(Parts 5 and 6). The only firm union between the more distal leg segments and the coxa 
is a narrow Y-shaped sclerotization (black) which crosses the arthrodial membrane arth. 1. 
between coxa and trochanter on the anterior face of the leg, and spreads its two arms 
across the coxa, the lower as the “ costa coxalis ” of hitherto unknown significance in the 
Chilopoda, and as the internal and external rami 7.r., e.r. of the previously recognized 
“ ornament ”’ on the leg of Polyxenus. In both, the trochanter is of much smaller diameter 
than the distal part of the coxa, and the ample arthrodial membrane arth. 1. between 
them permits very wide excursions of the trochanter except at the elastic sclerotized bar. 
In Polyxenus similar joints separate the next two leg segments (the prefemur pr. fe. and 
femur fe.) and the stem of the Y-shaped skeleton fades out on the femur and sends short 
branches round the proximal and distal margins of the segments as shown. In the fast 
running Chilopoda the trochanter and prefemur are fused, the stem of the Y-shaped 
skeleton is short and set at right angles to the proximal rim of the trochanter, where it is 
associated with a substantial annular sclerotization passing round the proximal rim of the 
trochanter, an exaggeration of the weaker branches of the Y-skeleton of Polyxenus in 
similar situations. The three flexible arthrodial membranes between segments of markedly 
different diameters arth.1, arth.2., arth.3 of Polyzxenus provide a combined flexibility com- 
parable to that of the chilopodan single large arthrodial membrane, arth.1. This remarkable 
jointing in both cases allows large angles of swing of the leg, permitting long strides, but 
this is achieved at the expense of strength of articulation, and therefore is suitable for weak 
fast movements only. The details of body structure of Polyxenus indicate that this diplopod 
has changed its habits and abandoned its basic ability to exert strong leg movements, and 


in principle has reached a similar solution to that evolved by the Chilopoda in meeting a 
similar need. 
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rolled in soil, one at a time, by the gonopods. Craterostigmus lacks gonopods, pre- 
sumably by loss owing to changed habits, but the life cycle remains anamorphic as 
in Lithobius. The food of Craterostigmus is unknown, and alone among centipedes of 
my keeping it has not survived more than a few weeks in captivity, because it refused 
all the animal food offered to it on which all other centipedes have thrived. 

The problems raised by the habits of Craterostigmus reach a more difficult level 
than those already considered. We must search for the significance of a perform- 
ance which is not a simple matter of being possible to one animal and impossible to 
another, such as pushing for a millipede and fast running for a centipede. Cratero- 
stigmus has evolved a very elaborate way of flexing its body more easily than its 
lithobiomorph ancestors could do, but Lithobius can flex remarkably acutely when 
curling into a small place of hiding, although not so acutely as can Scolopendra, but 
flexures in Lithobius are well under control during moderately fast running. The 
advantage of mimicking the flexibility of a Scolopendra must have been great if in 
doing this the power to control body undulations was lost. 


Conclusions. 


The functional significance of a sample of the outstanding structural features 
peculiar to various groups of arthropods has been touched on above, but fuller 
treatment, presented elsewhere in this journal and in course of preparation, is neces- 
sary to establish the conclusions reached. Information of this kind not only enables 
us to appreciate the significance of hitherto rather meaningless animal characteristics, 
but enables us to distinguish between primitive and specialized morphology, real 
affinity and otherwise. Structures associated with outstanding specialized perform- 
ances can hardly be primitive. Comparative anatomy and performance together 
indicate precisely the nature of the advances, both structural and functional, which 
have been achieved by various groups of animals. We gain clear evidence not only of 
these achievements, but what is equally important, an appreciation of the stages 
which must have been passed through in the course of their evolution. We can dis- 
tinguish between the parallel evolution of functionally comparable features, and a 
similarity due to close affinity. Convergent similarities of structure and habit may be 
reflected in the whole animal, such as the resemblance between Scolopendra and 
Craterostigmus (Pl. 1, figs 6, 8), or they may be seen in a certain organ only, the 
animals’ general form being very different. The remarkable resemblance between 
the coxa-trochanter joint and the form of the coxa in the millipede Polyxenus and in 
all centipedes is a striking example (Text-fig. 1 and Parts 5, 6, 7). Polyxenus is not 
intermediate between diplopods and chilopods as has at times been suggested, it is 
basically diplopodan in structure, but its legs have superimposed convergent resem- 
blances to those of chilopods in respect of the need for a large angle of swing of the 
leg. These detailed studies on the Myriapoda, covering all the conspicuous diagnostic 
characteristics of the trunk and legs, are an essential preliminary towards an under- 
standing of the evolution of the great groups of hexapodous arthropods which, above 
all other invertebrates, dominate the land. 
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DESCRIPTION OF PLATES. 


The descriptions of the photographs are intended to indicate the major correlations which exist 
between structure and function in the various groups of myriapods which are illustrated; 
all structural features mentioned are associated with habits of evolutionary significance. 
The phase difference between successive legs, ‘“‘ p.d.” is expressed as that proportion of a 
pace by which leg n + 1 is in advance of leg n. When this is < 0-5 consecutive propulsive 
legs diverge and the metachronal wave appears to travel forwards over the body. When 
the p.d. is > 0:5 consecutive propulsive legs converge and the waves appear to travel 
backwards over the body. The figures in brackets give the relative durations of the forward 
and backward strokes of the legs. Black or white dots level with legs indicate that their 
tips are on the ground during the backstroke, and black or white arrows show the positions 
of joints between two tergites belonging to the same segment. 


Prater 1. 


Fic. 2.—A iuliform millipede (Diplopoda) (295 mm.) performing a slow gait giving a strong push 
at the head end where a suitably shaped scute, the collum, transmits the thrust ; the cuticle, 
except at the joints, is rigid. About half of the body length is seen in side view. The body 
segments are fused in pairs (diplosegments), the cuticle forming complete rings, each bearing 
two pairs of legs. The inter-diplosegmental joints are mobile but non-telescopic, and thus 
transmit the forward thrust ; strong muscles between the diplosegments maintain any 
momentarily suitable body curvature. The evolution of short deep diplosegments and 
many of them gives the large number of legs per unit length of body which supplies a maxi- 
mum pushing force. The two metachronal waves of limb movement in the photograph 
show 20-22 consecutive legs performing the propulsive backstroke and 8-10 legs off the 
ground during their forward stroke. This disposition results from leg movements in which 
the backstroke is of much longer duration than the forward stroke, and the phase difference 
between successive legs is small: gait (3-0: 7-0), p.d. 0-03 approx. If this phase difference 
was larger, the waves would be shorter, and only less strong patterns of leg movement 
could be used (Part 4), and if the p.d. was > 0-5 (metachronal waves travelling backwards) 
the successive propulsive legs would converge and cross each other instead of fanning out, 
a mechanical impractibility to this animal. 


Fies 3, 4 and 5.—Himantarium sp. a geophilomorph centipede (Chilopoda), expert at burrowing, 
222 mm. long when extended. A soil crevice is widened by a local thickening and shortening 
of the body, the thrust being supplied by body muscles and not by limbs. The whole animal 
is shown in fig. 3. The anterior half of its body is actively walking forwards, the 
segments here being elongated, and the posterior half of the body is longitudinally 
contracted and lies in a loop, and the legs are here stationary and roughly parallel with one 
another. The dorso-ventral thickness of the body is seen near the posterior end. The slit 
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in the piece of white card shows the smallest gap through which the animal can pass by 
dorso-ventral flattening. Figs 4 and 5 show the same body segments ( 16), elongated in 
fig. 4, displaying a principal and an intercalary tergite (dorsal scutes) corresponding with 
each pair of legs, and in fig. 5 the body is much wider and the segments shorter, each 
principal tergite completely overlaps each intercalary tergite, and the principal tergite is 
apparently shorter than in fig. 4 because it is arched more convexly. The large number of 
fairly short segments, each with two telescopic joints, and many details of skeleton and 
muscle, give an ability to burrow more deeply than is possible to iuliform millipedes, but 
limbs are short and fast running is impossible (see Parts 3 and 7). 

Fic. 6.—Scolopendra cingulata, a fleet centipede (Chilopoda) 110 mm. long, running as fast as it 
can; speedy movements are used for the catching of prey and escape from enemies. 
Fleetness is achieved by quick stepping and by leg movements in which the propulsive 
backstroke is very much faster than the recovery forward stroke, gait (8-5 : 1-5), thus very 
few legs are in contact with the ground at one moment. Legs of a pair move in opposite 
phase, and so the points of support of the body on the two sides are staggered. Movements 
are weak but rapid. Successive legs are put down on almost the same footprints, marked 
on the photograph by black dots. Only right legs 5—7, 18-20 and left legs 12-14 touch the 
ground, the body is supported at these three points only and 10 consecutive right legs are 
off the ground. p.d. approximately 0-92. 

The utilization of a p.d. of > 0-5; giving a backward transmission of the metachronal 
wave (in contrast to that in fig. 2), results in convergence of usually 2-3 successive legs 
during the propulsive backstroke, as in figs 3 and 4 ; the small leg length relative to segment 
length avoids any conspicuous crossing of the the legs, and the use of this type of phase 
difference may minimise the tendency towards lateral undulations of the body (see Part 
7). Undulations of the body in the horizontal plane are conspicuous (none occur at slow 
speeds when the gaits used bring the points of support of the body closer together, as they are 
in the animal shown in fig. 8) ; these undulations reduce the potential speed, and their mani- 
festation is hindered by the evolution of tergites of alternate length and associated mus- 
culature which reduces flexures at the anterior ends of the long scutes. The two successive 
long tergites 7 and 8 form the most rigid part of the body where in slow running the undu- 
lation induced by a sensory casting of the head from side to side is effectively damped 
out (see Part 7). The presence of only 20 pairs of running legs allows each leg to be 
appreciably longer than the one in front (ef. figs 2 and 3) ; this facilitates stepping without 
stumbles due to interference of one leg by the next (Part 3). Great flexibility of the pleuron 
is essential for the execution of leg movements giving a large angle of swing, and conse- 
quently a long stride (Parts 6 and 7). The greater leg length than in Geophilomorpha 
(figs 3-5) facilitates speed but limits the burrowing ability, as does the lesser deformability 
of body shape. 

Fie. 7.—Lithobius forficatus, a fleet centipede (Chilopoda), 25 mm. long, which catches flies and 
other fast-moving prey, and shelters under bark and in relatively wider crevices than those 
negotiable by Scolopendra. The photograph shows slow running without body undulations, 
gait near (5-5 : 4:5), p.d. 0-16. The scale of the figure gives approximately the same segment 
volume as that of Scolopendra in fig. 6. The upper slit is freely passable to the animal 
while the lower one can be passed only with difficulty, the pleuron is flexible and dorso- 
ventral flattening occurs, but not to the extent possible to Himantarium (figs 3-5). Only 
15 leg-bearing segments are present, and 14 pairs of legs are used for the gait shown. Leg 
length is greater than in Scolopendra, leg 7 of Lithobius being about 33 per cent. longer than 
that of Scolopendra, and each leg is longer than the one in front, so spreading the footfalls, 
which helps to avoid stumbling. Tergite heteronomy in length is much more marked than 
in Scolopendra ; the two long 7th and 8th tergites, the most stable part of the body, now 
occupy a central position between head and tail. Body undulations occur at fast speeds, 
but are more under control than are those of Scolopendra as a result of the very marked 
heteronomy of tergites and of muscles, and the shorter, wider segments ; faster gaits than 
shown in fig. 7 result in crossing of successive legs in the forward recovery stroke (Part 3, Pl. 
34, fig. 36). The use of a phase difference between successive legs of < 0-5 is obligatory to 
avoid crossing of legs during the propulsive backstroke (Part 3). The use of 14 pairs of 
legs results in even or almost even loading of the legs during the propulsive backstroke. 
With fewer legs (young instars), even loading can only be obtained from the use of slower 
patterns of gait, and uneven loading would also result from the use of more than 14 pairs 
of legs performing the faster patterns of gait. Thus the exact number of trunk segments 
in Lithobiomorpha brings functional advantages. ; 

Fie. 8.—Oraterostigmus tasmanianus, a curious lithobiomorph centipede 46 mm. long, from 
Tasmania, in which the ability to run fast and control lateral undulations of the body has 
been sacrificed in the acquisition of a secondary increase in lateral flexibility due to sub- 
division of the long tergites at the points indicated by the arrows, and by pleural modifi- 
cations. The scale of the photographs is that giving the same body weight as Lithobius 
(fig. 7). Craterostigmus runs on 14 pairs of legs, but the segments are so elongated that a 
phase difference between successive legs of > 0-5 of a pace can be used without resulting 
in crossing of propulsive legs. Gait (5-5 : 4:5), p.d. 0-75. 
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PLATE 2. 


Fras 9 and 10.—Scutigera coleoptrata (22 mm.), the fleetest of all centipedes (Chilopoda), preying 
on flies, etc., running rapidly over rock surfaces and walls, hiding in small crevices, but 
unable, owing to length of legs, to penetrate into soil and narrow channels passable to 
geophilomorph and scolopendromorph centipedes or the spaces wide enough for Lithobwus. 
Almost the same gaits as those of Lithobius are used, and for the same reasons. In fig. 9 
the animal is running very fast (c. 500 mm. p. sec.) by gait (6-6 : 3-6) and p.d. 0-14 approx., 
but very little body undulation is apparent. A great tendency to undulate at fast speeds, 
owing to the leverage of the long legs, is countered by a further shortening of the segments, 
compared with Lithobius, and by an exaggerated heteronomy in tergite length (and in 
muscles) so that only 7 tergites lie over the 14 pairs of running legs. Long tergites 7 and 8 
are fused, and they and tergites 1, 3, 5, 10, 12 and 14 cover over the minute intervening 
scutes. The dorsal respiratory chambers appear as light sub-median areas at the posterior 
end of the long tergites. The progressive increase in leg length along the body is more 
marked than in Lithobius ; this enables the legs to be fanned out anteriorly and posteriorly, 
so spreading their overlapping fields of movement (Part 2) and facilitates stepping ; right 
legs 5, 6, 11, 12 and 13 are on the ground and the footfall of leg 11 lies far outside and almost 
level with that of leg 6, four legs in the recovery phase (legs 7-10) cross over each other in 
the intervening space (right leg 2 has been detached at its breaking plane across the tro- 
chanter). The very long 15th pair of legs function as posterior “ antennae ”’ during back- 
ward progression. Anteriorly and posteriorly directed setae, which may be proprioceptive, 
can be seen at the distal ends of the femur and tibia; stepping must be very precise if 
stumbling is to be avoided. The sure-footedness of the animal is due to plantigrade stepping 
on many segments of the much divided tarsus, all of which are provided with gripping hairs, 
in contrast to the stepping on the tip of the tarsal claw in other centipedes and millipedes 
(Pl. 1). The head is dome-shaped, bearing dorsally inserted antennae, in contrast to other 
centipedes (fig. 13) and not at all suited to feeding in narrow places; the edges of the weak 
poison claws show beside the eyes (cf. Lithobius and Craterostigmus Pl. 1, figs 7, 8). 

Fic. 10.—S. coleoptrata resting and cleaning its legs. Left leg 12 is being passed between the 
mouthparts, the tips of the maxillary palps are turned back (cf. fig. 9) as they manipulate 
the limb. The curvature of the body, which is not maximal, shows that the control of 
horizontal undulations during running (fig. 9) is facultative and not due to permanent 
rigidity of the trunk. 

Fics 11 and 12.—Scutigerella imaculata (Symphyla), 4 mm. long. An agile animal penetrating 
certain soils by a great ease of bending in all directions, but not by pushing. In surface 
running Scutigerella gains protection by intermittent darts and the execution of acute 
“hair pin bends ’’, changing direction more sharply and rapidly than is possible to small 
predatory arachnids etc. The flexibility of the trunk is enhanced by the divided tergites 
on segments 4, 6 and 8, white arrows showing the position of the extra dorsal joints. All 
tergite joints give great horizontal mobility and the extra dorsal joints aid dorso-ventral 
bending. The sternal region folds freely between its isolated scutes. The first trunk leg 
is short and here invisible, legs 2-12 are ambulatory, much the same in length, and shorter 
than those of any but the burrowing centipedes ; the gaits are such that differential leg 
length would bring no mechanical advantage, as to Scolopendromorpha, Lithobiomorpha 
and Scutigeromorpha. The 13th legs form posterior cerci and the 14th are represented by 
trichobothria not visible in the photograph. The 14 trunk segments correspond with the 
basic segment number in insects; the shortness of symphylan limbs is correlated with 
their crevice-soil habits ; and the gaits employed represent the slower end of the series 
shown by the Scolopendromorpha, and correspond in great detail with those shown by 
insects (Part 8). 

Fie, 12.—S. imaculata running round a plant fibre. 

Fie. 13.—Scolopendra cingulata (Chilopoda), side view of the head of a narcotized specimen to show 
the great flattening of the head capsule, with antennae arising anteriorly and not dorsally, 
and the large poison claws which bite in the transverse plane close under the head, instead of 
swinging antero-posteriorly as do the walking legs. The poison claws of Scutigera are 
intermediate in form and in movements between the walking legs and poison claws of 
Scolopendra, The head, mouthparts and poison claws of Scolopendra are together less deep 
than the body, so enabling the manipulation of prey in very shallow crevices. 

Fra, 14.—Peripatus novae-zealandiae (Onychophora). All the holes in the card are passable to the 
animal, It walked rapidly through the largest hole and took 20 minutes to deform itself, 
one leg at a time, in passing through the smallest hole, diameter 2-5 mm. ; 

Fies 15 and 16.—Peripatopsis moseleyi (Onychophora), the same specimen extended (60 mm.) 
and walking fast in fig. 15 and contracted and resting in fig. 16. Unlike other Myriapoda 
which use common footprints, leg n + 1 is put on the ground after leg n is raised (fig. 15 
left leg 15 is raised before leg 16 is put down), and not before this event as in figs 3, 4 6, 
and 8, a type of stepping necessitated by the thick blunt shape of the legs, and unsuitable 
for faster running by the pointed legs of other arthropods (Parts 1 and 2). 
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CHROMOSOMES AND FERN PHYLOGENY WITH 
SPECIAL REFERENCE TO “PTERIDACEAE” 


By I. Manton. 
(Professor of Botany, Leeds University.) 


; (With Plates 3 and 4 and 4 text-figures) 
Introduction. 


Since 1950 a large and rapidly growing body of accurate cytological data has 
become available for the first time for the Pteridophyta, but since chromosome 
numbers, like any other morphological character, require phyletic interpretation it 
is perhaps relevant, in the Darwin-Wallace centenary year, to draw attention to 
some of the evolutionary problems which they raise and to others which they may 
help to solve. 

Pteridophyte taxonomy has had a long history, much of which was surveyed in 
the centenary publication of the California Academy of Sciences prepared in 1951 
and which therefore need not be repeated. The effective application of cytology to 
solving problems in fern taxonomy is, however, so recent that it could not be ade- 
quately discussed at that date. The fact that we can now begin to do go is partly due 
to the post-war developments in air transport which have made tropical floras (and 
their cytology) accessible to Europe on an entirely new scale, and partly to a revival 
of interest in fern classification by herbarium botanists. This revival of interest is 
expressed by the publication, within a space of seven years, of no less than three 
independent systems of classifying the more modern ferns (Ching, 1940; Holttum, 
1946 ; Copeland, 1947) after an almost complete gap! since 1902, the date of the fern 
volume of Engler & Prantl. The years between these dates are dominated by the life 
work of Carl Christensen (Index Filicum, 1906 with supplements 1913, 1917, 1934) 
and of Bower (Origin of a Land Flora, 1908, The Ferns, 1923, 1926, 1928). Both these 
great botanists have made an indelible mark on their times and in different ways have 
been part of the stimulus behind the present renewal of interest. Their approach has, 
however, been so different that, with the current twentieth century tendency to 
regard herbarium botany as, somehow, inferior to laboratory botany, it is doubtful 
whether a valid appraisal of the importance of either can yet be made. It is, however, 
certain that the botanical world in general is far more conversant with the ideas of 
Bower than with those of Christensen and it is therefore perhaps important to 
emphasize the special significance of the contribution of pure taxonomy to under- 
standing of the Pteridophyta at the present time. 

Laboratory botany of the nineteenth and early twentieth century has been indis- 
pensable for sorting out morphological concepts without which major phyletic 
sequences can neither be detected nor interpreted. The important contributions of 
Bower to the phyletic interpretation of the more ancient and more primitive ferns is 
beyond dispute, but an essential part of this success is due to the relatively small 
numbers of extant representatives. When the undoubtedly ancient ferns (discussed 
~ in Bower’s Ferns, vol. 2) are removed we are left with 200 genera and over 7000 
species out of a world total of some 300 genera and 10,000 species. Moreover, almost 
all these are tropical, with nine out of every ten genera confined to the tropics and with 
no temperate representatives of any kind. In dealing with these, the laboratory 
botanist working in Europe with access to no more than the limited local flora, 
eked out by a botanic garden, is at an almost hopeless disadvantage. The large 


1 A precursor of this renewed activity is of course Christensen’s chapter on the Filicinae in 
Verdoorn (1938) in which he summarises an attempt at a new classification based on his own 
unrivalled knowledge of “ four-fifths of all known ferns”. This summary is one of Christensen’s 
last works and it was never fully elaborated. His ideas have, however, greatly influenced those 
of all subsequent writers. 
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world herbaria on the other hand are repositories of material from tropical lands 
accumulated without theoretical bias, but posing all the detailed practical difficulties 
with which taxonomy is designed to deal. Our more modern requirement that 
taxonomy should also express phylogeny cannot in practice be pursued effectively 
much beyond that point to which the herbarium botanist has reached and therefore 
the greatest need for further understanding of the mass of modern ferns in the mid- 
twentieth century has been for a considered restatement of the views of the experienced 
practical systematist, notwithstanding, or indeed perhaps because of, the existence 
of Bower’s Ferns, Vol. 3. 

That we now have three such statements with a prospect of others to follow all 
differing in quite substantial features only underlines the urgency of the need. The 
nature of the disagreement should not, however, be misinterpreted. There is no 
divergence on the fundamental view that the “ Polypodiaceae of authors ”’ (i.e. the 
200 genera and over 7000 species referred to above) are polyphyletic, although, as 
recently as 1940, this had to be explicitly stated by Ching as if it were a new conclusion. 
That within less than a decade finality was not reached in unravelling the exact 
details, or even the exact number, of all the phyletic lines is scarcely surprising 
especially when it is remembered that ferns offer no ready-made complex of taxonomic 
characters comparable to those so conveniently provided by floral morphology in 
flowering plants. The change-over from the single character classification of Linnzeus 
to a grouping based on a complex of characters (i.e. the arrangement of floral parts 
on the receptacle), and for this reason able to withstand the impact of Darwinism 
when it came without being totally disrupted, was achieved in flowering plants 
quite early in the nineteenth century (cf. de Candolle, Regni vegetablis, 1819-22). 
In ferns the search for a suitable complex to replace the single character is still 
proceeding, and, in the effort to find it, an increasing number of criteria have been 
brought into use. It is no accident that while Copeland (1947) starts his key to fern 
families with spore, sporangial, and soral characters of a fairly conventional kind he 
ends with details of venation, spore shapes, presence or absence of idioblasts etc. 
Ching (1940) actually starts his key with stem anatomy, whilst Holttum (1946, 1949, 
1954), having a wider knowledge of living tropical plants, both wild and cultivated, 
than any other recent systematist who has been deeply concerned with these problems, 
has stressed a number of unusual details in the structure of hairs and in leaf archi- 
tecture which accounts to a considerable extent for the divergence in treatment. 
As long as family boundaries are uncertain there is no other way of clarifying the 
position than by investigating every structural feature no matter how small, which 
lends itself to precise description, and then to search for groups of characters which 
occur together. At any moment a chosen group of characters may show itself to be 
insufficient for the detection of parallel evolution, and additional criteria may be 
needed to do so. Such criteria are increasingly drawn from the less conspicuous and 
the less obviously adaptive characters, to perceive which, amongst the ferns, requires 
not merely taxonomic training but extensive tropical experience. The special time- 
liness of each and all of the revised systems mentioned, to serve as a wholesome correc- 
tive to laboratory botany, lies precisely in this. 

At the same time any considerable source of new morphological data by which 
laboratory botany can perhaps in its turn act as a wholesome corrective to pure 
taxonomy is important, and this is the present significance of cytology. Accurate 
chromosome counts on a sufficient scale for taxonomic purposes began? to become 


_ * With the sole exception of Osmunda regalis L. (Guinard, 1898, for full citation of other 
literature see Manton, 19390, p. 182) precise accuracy in chromosome counting was not achieved 
for any fern before 1950, and accuracy to within one or two chromosomes was only reached in a 
very few cases, notably some counts by de Litardiére, 1920 ; Dépp, 1932, 1939 for various species 
of Dryopteris ; Manton, 1939a for D. filix-mas (L.) Schott and relatives. Even the last two investi- 
gators could not, at the dates specified, determine the monoploid number for Dryopteris with 


complete certainty, and it was only finally settled by the use of the acetocarmine squash methods 
in Manton, 1950. 
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available for the European flora in 1950 (Manton) by the application of newer technical 
methods than those previously available to fern cytologists. At that time there were 
only about 100 worked species in at most 23 genera. Discussion of pure taxonomy had 
m consequence to be limited to problems at the specific level, since problems of genera 
could scarcely even be formulated in the absence of data regarding families. The very 
rapid extension of observation since 1950 to the fern floras of several tropical countries, 
notably Ceylon, Malaya and Africa, with the beginnings of work further afield by other 
investigators in New Zealand, North America, India and Japan, has begun to rectify 
this (for more detailed citation see appendix I). We now have information on over 
100 genera and 600-700 species, and, although the specific representation is still only 
about 5 per cent. of those known for the world as a whole, the generic representation 
is now for the first time reasonably adequate for at least a preliminary characteriza- 
tion of families. The first attempt to do this (Manton & Sledge, 1954) at once revealed 
inconsistencies in each of the new taxonomic schemes, and in certain cases an un- 
ambiguous decision in favour of one out of two otherwise alternative views was possible. 
It was also possible to pin-point weaknesses and to direct attention to genera of critical 
importance if further collecting could be done. 

That such further collecting cannot always be done to order is due in part to a 
tendency for critically important genera to be thinly scattered over different parts of 
the world which cannot all be visited. A contributing difficulty has, however, also 
been a general ignorance on the part of potential collectors concerning what is required 
and what is possible. A word of advice may therefore perhaps be permitted. 


Advice to collectors. 


Briefly, what is possible is that almost any fern (with a few outstanding exceptions 
such as all members of the Ophioglossaceae) can potentially be raised from spores if 
these are ripe when gathered and protected from undue heat and from sterilization by 
liquid disinfectants. The spores of many species remain viable for several years 
(with a few outstanding exceptions such as those of the Osmundaceae which die 
after a few week’s storage). The raising of adult plants from spores, is however, 
always slow, skilled, and space absorbing if it is to be done on a large scale ; this method 
is therefore only really useful for special problems or for material from very remote 
areas. A better way is either to work directly in the field, though this requires 
experience and training, or else to bring wild specimens into temporary or permanent 
culture by transplanting. This is less difficult than might be thought for all but a 
limited category of species. In my experience tropical filmy ferns and the smaller 
epiphytes can rarely be transplanted, although they may continue to grow for several 
weeks after gathering if kept moist, so that, notwithstanding difficulty of culture 
the filmy ferns in particular make excellent cytological material. A limited number 
of terrestrial ferns will transplant only in an intact sod with the rhizome undisturbed ; 
this is conspicuously so with members of the Ophioglossaceae. Most ordinary terres- 
trial ferns will, however, transplant perfectly well, if the rhizome is protected from 
dessication. This can conveniently be done in polythene or waxed paper bags in 
which even the most structurally delicate tropical ferns can be safely transported 
over very great distances. I have in cultivation in Leeds species which originated 
from Australia or Nepal, sometimes several days porterage away from the nearest 
airfield, and there are literally hundreds of tropical species in cultivation in London 
which have been collected in the field by myself, my colleagues or correspondents, 
and dispatched to England as air freight. Such plants may not immediately or ever 
develop into elegant specimens suitable for display, but, if reproductively mature 
when gathered, they may give rise to sporangial material suitable for fixation within 
a few weeks, if replanted under proper conditions, and since a row of such specimens, 
each a different individual, need take up no more space than a row of young sporelings 
pricked out from a single spore sowing, this method of cytological sampling is a highly 
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efficient one given horticultural co-operation at the receiving end and adequate 
documentation and packing by the sender. ; 2 

Horticultural material which has been so long in cultivation that details of its 
original provenance have been lost should be avoided ; this rules out almost the 
entire contents of most botanic gardens. The naming of specimens is a major problem 
for which the expert services of a good herbarium are indispensable ; but no herbarium 
at present can give more than a more or less rough approximation to the identification 
of fern material of unknown origin in an artificial habitat. 

Given a source of wild material of known origin, a collector who may wish to carry 
out the cytology himself may reasonably expect to become skilled, with a little 
practice, (for technical details see appendices to Manton 1950) since complex laboratory 
equipment is at no point essential. Meticulous documentation is, however, necessary 
in several ways. At the cytological end there is no substitute for the making of 
permanent preparations which at need can be submitted to an external critic if doubts 
arise. At the nomenclatural end there is no substitute for the herbarium record 
of the actual plant used, amplified with suitable annotations about habitat and 
locality. Given these, an amateur, resident in a floristically interesting area, can do 
work at least as good as that of a professional who may be tied up with his profession 
in a town, though nomenclatural revision will almost always have to be entrusted to 
a professional. It must not, however, be supposed that attention should in the first 
instance, or preferably, be devoted to rare or peculiar species. Some of these will 
almost certainly be encountered if work is done on a sufficient scale, but at least as 
important, and in the first instance far easier, is the systematic sampling of every 
different type of species characteristic of a given area including the commonest. 
If such work can be done in collaboration with a pure systematist interested in the 
preparation of a revised flora the advantage to both is immediate, and since there its 
no local flora, especially in the tropics, which is not in constant need of revision there 
is no limit to the scale of work which is profitable. 


Cytology and Status of genera associated with Pteris. 


Turning now to “ Pteridaceae,” we find a potential family which is more contro- 
versial than any other of those recently carved out of the ‘‘ Polypodiaceae of authors ” 
and for which cytology is therefore specially relevant. The following account is 
still only an interim report. Knowledge has nevertheless substantially increased 
since the subject was last discussed (Manton & Sledge 1954) and it will perhaps not 
be out of place to bring together at this time recent observations by other investigators, 
foremost of whom is Brownlie on the flora of New Zealand, together with published 
and unpublished records of my own on the floras of Ceylon, Malaya, Africa and 
Australia to serve as a guide and perhaps a stimulus to the further collecting which is 
still required. 

We may start with the genus Pteris L. For this, only one species had been accu- 
rately, if incompletely, investigated in 1950 namely the apogamous Pteris cretica L. 
The existence of apogamy in it (de Bary, 1878) and of polyploidy (de Litardiére 
1920) had already been well established, but the first exact count of 2n — 58 dates 
from Manton, 1950. This was demonstrated in a wild European diploid, while 
approximately twice this number was found in a wild tetraploid plant from Africa. 
The existence of triploid horticultural varieties, at least one of which was believed 
to have come originally from a wild source in the oriental tropics, was also confirmed. 
The meiotic count of 58 in the apogamous diploid was the lowest number actually 
obtained, since, In an apogamous species, the normal nuclear cycle is eliminated from 
the life history. It suggested that a basic number in the genus was likely to be 29, 
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though this number was not actually demonstrated for any species of Pferis until the 
work was extended to Ceylon (cf. Pl. 4, fig. 12). 

This occurred in the winter of 1950-51 when, during the University Christmas 
vacation, three members of the staff of the Botany Department at Leeds University 
visited the island to assemble material for an intensive cytological sampling. No 
specimens of P. cretica were found, and we have reason to think that it is probably 
now extinct there, although its former presence is attested by specimens. Several 
other species of Pteris were, however, found in abundance and, in particular, the 
bewildering polymorphism of one most conspicuous population forced us to multiply 
samples on a considerable scale in order to include a range of forms all falling more or 
less into the general description of P. quadriaurita var. ludens of Beddome (1883), 
though with every possible degree of departure therefrom. A preliminary report on 
this material was included in Manton & Sledge (1954), together with a photographic 
demonstration of the expected monoploid number 29, but the full working out was 
entrusted to the very able hands of my student Trevor Walker who, after a prolonged 
experimental study which included a visit to Ceylon for field work and further collect- 
ing as well as an intensive breeding programme, was able to unravel this 
problem. 

It appeared (cf. Walker, T., 1957, in the press) that P. quadriaurita var. ludens 
or its older synonym P. otaria Bedd. (Text-fig. 4) is not a species but a morphologically 
distinctive heterozygote. It cannot breed true, but constantly reappears in the 
hybrid swarms which develop in abundance when two morphologically very distinct 
ecospecies are brought into contact by human disturbance to their habitats. Such 
hybrid swarms are very vigorous and fertile, but show if fully sampled an almost 
complete range of types bridging the extremes of the parental species. One of the paren- 
tal species is P. multiaurita Ag. (Text-fig. 2), with simply pinnate fertile fronds bearing 
a certain resemblance to those of P. cretica, though the sterile and juvenile fronds are 
very different. In this, however, P. multiaurita bears a close superficial resemblance 
to P. ensiformis Burm. (Text-fig. 1), a very widespread species also present in Ceylon 
but tetraploid. When first found these two were indeed expected to be linked 
together (cf. Manton, 1953) in a part parental relationship, an expectation which 
the breeding work has shown to be entirely unfounded. The other species involved 
in the hybrid swarms had not, however, at that time been encountered and it was only 
found by Dr. Walker after analysis of its probable characters as shown by segregating 
populations raised in cultivation had been completed. It turned out to be a fully 
bipinnate species (Text-fig. 3), present in pure stands only in secluded areas of primeval 
forest, and, by means of it, hybrid populations indistinguishable from the wild ones 
have been synthesized. 

The naming of the second species (Text-fig. 3) was troublesome but proved to be 
very rewarding. After much expert taxonomic help from the British Museum 
(Natural History) a type specimen gathered in Ceylon was borrowed from the Uni- 
versity Museum in Lund which agreed perfectly. It was the type of P. quadriaurita 
Retz., a geographically restricted species otherwise only known from the Nilghiris in 
southern India. 

The removal of one bad taxon and the clarification of a good one has, however, 
had the curious consequence of revealing a major confusion not only in Ceylon but 
in many very widespread tropical areas. There are several other taxa in Ceylon itself 
some of which are apogamous and which have bred with members of the hybrid 
swarms. Their influence has now for the first time become recognizable. Further 
afield, however, the previous unclarity of the situation regarding the behaviour of 
the species in the type area has led to the placing of almost any, often only approxi- 
mately similar, specimen from another country into a herbarium cover labelled 
“ P. quadriaurita Retz.” as if it were a convenient portmanteau. We have received 
samples of such plants from Australia and Africa which, when grown side by side 
with those from Ceylon, have shown themselves to be completely different. In the 
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light of Dr. Walker’s work the continued use of the name P. quadriaurita in any sense 
other than that appropriate to the south Indian region is no longer permissible, and 
the true specific composition and naming of the Pteris populations of other areas must 
be worked out afresh. This process need not in each case entail an investigation as 
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elaborate as that required for the first clarification. Th i 

; e results already obtained 
may nevertheless serve as a wholesome reminder of the type of bontiliguon which 
experimental work can provide, and of the type of situation which cannot in the 
first instance be adequately understood at all by a herbarium botanist unaided. 


TExtT-FIG. 2.—Complete plant with juvenile and fertile leaves of Pieris multiaurita Agard from 
Ceylon, a diploid superficially resembling the tetraploid species of Text-fig. 1 but unrelated. 
2ths X nat. size. 


As an example of another type of problem still within Pterts, we may conveniently 
discuss a rare species thought to be related to P. cretica by Hooker and others and 
which we were for this reason specially anxious to investigate as a possible sexual 
or ancestral type of that species, namely P. hookeriana Ag. We failed to establish it 
in 1950-51, but two specimens were safely transplanted by Dr. Sledge and Dr. Walker 
on the second expedition in 1953. They proved difficult to cultivate, and were lost 
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after two years, but not before fertile fronds had grown up. When sporangia from 
these fronds were fixed, they were, very surprisingly, seen to be not quite marginal 
in position. Since a truly marginal sorus is by definition one of the most essential 


generic criteria for Pteris, we were not surprised to find further discrepancies in spore 
and prothallial characters, as well as in the chromosome number which proved to be 27 


Trext-ric. 3.—Fertile frond from a wild } jaune 
3 plant of Pterts quadriaurita Retz. from Ceylon, apparentl 
very different from P. multiaurita of Text-fig. 2 but actually el : 0 ie Sede 
to hybridize freely in nature. 4rd xX nat. a aust seca aaa 


and not 29. To cut a long story short it became evident that, in spite of the earlier 
convictions of taxonomists as distinguished as Hooker, P. hookeriana was not the 
relative of P. cretica that we were hoping to find, but a plant which could only have 
been included in the genus Pteris by mistake. The new generic name of Idiopteris 
has been suggested for it (Walker, 1957a, in the press). | 
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The next considerable contribution ha 
8 come from the flora of tropical Afric 
pone the 100 species assembled by post from correspondents, to pve ner 
Ae an td eee to the forthcoming revised edition of the flora, there are 12 representa- 
ives of Pieris, some apogamous and some sexual, but all agreeing in possessing n = 29 


_ Text-ric. 4,—Fertile frond from a hybrid swarm in Ceylon involving the two species represented 
in Text-figs 2 and 3 showing the intermediate frond shape to which the varietal name of 
ludens or the specific name of P. otaria had been given previously (cf. Walker, T., 1957b). 


4rd X nat. size. 


or its multiples. One only need be mentioned. This was sent from the Gold Coast 
under the well-known name of P. tripartita Sw. and it also has n = 29. P. tripartita 
in botanic gardens is, however, enormous with 6-ft. fronds far larger than this one. 
Large plants of this type occur in the Malay Peninsula, and some have been raised 
from spores collected in that region by Professor Holttum. All are tetraploid. This 
time it looks as though we probably have, in the Gold Coast, stumbled upon a genuine 
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ancestral type for a well-known species, though further analysis leading to eventual 
re-synthesis is still needed. ’ 

In addition, however, the African flora produced four species of an entirely 
different sort which raise at once some far reaching phyletic questions transcending 
those of mere species. Copeland, in his discussion of the genus Pteris gives a careful 
explanation of his reasons for including in it elements formerly generically separated 
under the names of Lonchitis L. and Anisosorus Trev. From Africa I have received 
one Anisosorus and four species of Lonchitis. All are cytologically so completely 
different from ordinary Pteris, for which, through Dr. Walker’s work, we now have 
records of over 60 species from four continents, that one is forced to conclude that in 
this case Copeland was mistaken. Anisosorus has not 29 but approximately 50 chromo- 
somes (PI. 4, fig. 14), while all four species of Lonchitis have 38 (Pl. 4, fig. 13), or a 
multiple, and the chromosomes are larger. 

It would therefore appear that, even from our present limited knowledge, the genus 
Pteris, type genus of the Pteridaceae, must be broken up into four unrelated elements, 
and there may be others. The inclusion of Idiopteris was probably accidental. 
The inclusion of Anisosorus and Lonchitis on the other hand means nothing less, in 
the light of the new facts, than inadequacy in the generic diagnosis for the detection 
of convergent evolution, as discussed on p. 74. Emendation, involving amplification 
by additional characters is therefore necessary, and, though the cytology is in itself 
an awkward character to suggest for such a purpose, it can nevertheless perhaps serve 
as a guide as to where the natural boundaries of the genera may lie. 

A situation of this kind in the type genus of a family is likely to be associated with 
a comparable degree of confusion regarding the family itself. This is indeed what we 
find, though the fact that the problem of family boundaries is exceptionally difficult 
for the Pteridaceae is not at once revealed by comparative perusal of our three new 
systems because each has adopted a rather different attitude to all families which may 
at first somewhat mask any special circumstances peculiar to one. Ching for example 
prefers small families, and has in consequence no less than eleven containing only 
one genus. It is therefore in character that his Pteridaceae should be small and 
restricted to nine genera of which Histiopteris (Agardh) J. Smith, Pteridiwm Scopoli 
Pteris and Actiniopteris Link are probably the most important in the present context. 
Copeland (1947) is at the other extreme, grouping no less than four of Ching’s families 
into his Pteridaceae, which in consequence contains 66 genera, beginning with T'hyr- 
sopteris Kunze and Dicksonia L’Herit. (tree ferns) and ending with Adiantum L. 
all of which are placed in different families by Ching. Holttum on the other hand 
has dispensed with a Pteridaceae altogether. He accepts Adiantaceae, without 
defining it in detail, since he is here apparently following Bower, but he tends other- 
wise to subdivide even more finely than Ching into small groups of genera of less 
than family status, which he designates by the suffix -oideae,? and a very varied 
assemblage of these, including Pteroids, Lindsayoids, Davallioids, Dryopteroids, 
Asplenioids, etc., are regarded as end-products of divergent evolution radiating from 
ancestral types near to the present Dennstaedtia Bernh. and therefore all to be included 
in a large family the Dennstaedtiaceae. This view is important in itself, though 
we need not yet discuss it except to point out that the special ancestral significance 
attached to Dennstaedtia by Holttum should prepare us for finding perhaps certain 
peculiarities about any family or group of related genera containing it if these are 
compared with other groups of comparable size but without this suggestion of 
antiquity. 

Returning now to Pieris: if we examine the table of contents to Copeland’s 
Genera Filicum (1947), which provides a conveniently numbered list of genera within 


3 It should be noted that this terminology was also used by Chri 
ul not : Vv istensen (1938) who ted 
actual families within the Polypodiaceae of authors but only sa tales Chitote sen eeee 


family Pteridoideae contained 12 genera, in substantial agreement with i 
A(R RET RATS g nt with Holttum who follows him 
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families, we find Pteris entered as No. 31 among the 63 genera of the Pteridaceae. 
Slightly less than half of these genera have so far been sampled cytologically but 
even with this partial knowledge a somewhat unexpected range and distribution of 
chromosome numbers has been found, the most outstanding feature of which is that 
starting with genus 31 (i.e. Pteris) there is almost complete cytological discontinuity 
between the genera above it and those placed below it. The number 29, which 
characterizes Pteris after removal of extraneous elements, is found to be shared by all 
except one of the sampled genera following Pteris in the list except that the variant 
n — 30 occurs concurrently with 29 in several cases (4 leuritopteris Fée, Cheilanthes Sw. 
and Adiantum), or replaces it in others. The list is as follows, the numbering from 
Copeland’s Index being added as a guide to the assessment of omissions. 


Taste I—Summary of cytologically investigated genera from the second half of 
Copeland’s Pteridaceae. 


| 
Copeland’s | 
Index Genus Chromosomes Authority 
31 Pieris L. n = 29 and multiples M. & S., 1954; Walker, 
eGo Teel Oia. 

36 Coniogramme Fée n = 30 and multiples M. & 8. 1954. 

38 Acrostichum L. i == Be A $5 

39 Cheilanthes Swartz | m = 29 and 30 and 
| multiples 

41 Aleuritopteris Fée n = 29 and 30 and M. & Ss; 1954); Pani- 
| multiples grahi & M., 1957, in 

the press. 

45 Pellaea Link n = 29 and multiples M. & S., 1954, M., 1950. 

47 Doryopteris J. Smith nm = 30 M. & S., 1954. 

49 Actiniopteris Link n = multiples of 29 a nA 

50 Cryptogramma R. Brown n = moultiples of 30 M., 1950. 

51 Onychium* Kaulfuss | 2» = 29 and multiples Mehra & Verma, 1957; | 
| M. unpub. 

52 Hemionitis L. | n = 30 and multiples M. & S., 1954. 

55 Saffordia* Maxon n = 29-30 M. unpub. 

57 Gymnopteris* Bernhardi n = 30 = 

58 Pityrogramma* Link n = multiple of 30 M. & S., 1954. 

63 Adiantum L. m = 29 and 30 and M. & S., 1954; Britton, 

multiples 1953. 


* Further details in Appendix IT. 


Among the genera placed before Pteris in Copeland’s list only one, No. 20 Syn- 
gramma* J. Smith, is based on a monoploid of 29, and here an error of placing may 
perhaps be suspected. Ching indeed differs from both Copeland and Holttum in 
separating Syngramma from Taenitis Wild, which is cytologically quite different 
(see Table II), and putting it beside Coniogramme Fée (see Table I). If this rearrange- 
ment were accepted, the cleavage which starts at genus 31 (Pterts) would be complete 
in that all genera based on n = 29 or 30 would then be together, though it would leave 
behind a somewhat heterogeneous assemblage. Table II lists the first half of Copelands 
Pteridaceae enumerated in precise detail for all species and genera which have so far 
been examined but excluding Syngramma. 

A first glance at this list may perhaps give the impression as of a wholely random 
array of numbers, yet closer inspection will reveal the presence of several characteristic 
assemblages which may be expected to fall into better defined categories as sampling 
becomes more complete. For example the addition by Brownlie of one New Zealand 
species of Paesia St. Hil (No. 24) and of several New Zealand species of Hypolepis 

4 Syngramma quinata (Hk.) Carr. from Malaya has n = 116 with no ambiguity in the count 


(cf. Pl. 3, fig. 7). This number seems only interpretable as that of an octoploid on 29, or possibly 
an apogamous tetraploid though no test for apogamy has yet been made. 
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Taste IIl.—Summary of cytologically investigated species from the first half of 
Copeland’s Pteridaceae. 


Cope- 
land’s 
Index 


2 


12 


14 


15 


19 
23 


24 
28 


29 


Chromo- . 
Species somes Origin Authority 
Dicksonia squarrosa (Forst.) Sw. | nm = 65 New Zealand Brownlie (2). 
Dp: fibrosa Col. n = 65 ” 2 ” 
D. arborescens L’Herit. nm = 6d Kew(St.Helena) | M., unpub. 
Cribotwuum splendens (Gand.) | n = 68 Kew (Sandwich Ap 
Kroyma ex Skottsberg Isles) Isles) 
C. glaucum (Sm.) Hk. et Arn. nm = 68 Kew , 
Culcita macrocarpa Presl.* n = 66-68 | Azores = 
Dennstaedtia punctilobula (Michx.) | n = 34 Canada Britton, 1953. 
Moore 
D. scabra (Wall.) Moore n = 64-65 | Ceylon M. & S., 1954. 
D. cicutaria (Sw.) Moore n = 94 Kew 9 a 
Microlepia platyphylla (Don) J. | n = 43 99 ” * 
Sm. 
M. puberula v.A.v.R.* n = 86 Malaya M., 1955 and 
unpub. 
M. speluncae (L.) Moore n = 86 Ceylon M. & S., 1954. 
M. speluncae (L.) Moore m = 129 Tropical Africa |M., unpub. 
Lindsaya linearis Sw. n = 34 New Zealand Brownlie (2). 
L. coneinna J. Sm.* n = 47 Australia M., unpub. 
L. parallelogramma v.A.v.R.* n = 47 Malaya 3 
L. nitida Copel.* n = 47 ” ” 
L. scandens var. terrestris Holtt.* | n = c. 47 os 5 
L. pectinata Bb. nm =e. 50 Ag M. & S., 1954. 
(= c. 47 2) 
L. decomposita Wild. nN = ¢. 50 ee 33 4g 
= 47 ?) 
c. 100 
L. cuneata (Forst.) C. Chr. n = 41-42 | New Zealand Brownlie (2) and 
unpub. 
L. caudata Hk. nm = 82 Ceylon M. & S., 1954. 
L. cultrata (Wild.) Sw. nm =c. 150 r: <A 5 
Sphenomeris chinensis Maxon. nm = ¢. 100 3 a 5 
c. 147 Malaya 29 % 
Schizoloma ensifolia (Sw.) J. Sm. | n = 88 Ceylon 5 35 
S. tenerum (Dry.) Hollt.* n = 88 “A M., unpub 
Taenitis blechnoides (Wild.) Sw. n= c. 44 Malaya os 
Hypolepis punctata (Thbg.) Mett. | » = 51-53 | Ceylon M. & S., 1954 
n =c. 100 | Malaya ks ae 
Ceylon M., unpub. 
H. rugosula J. Sm. n = 52 New Zealand Brownlie (2). 
H. millefolium Hk. n = 52 » » » (3). 
H, tenucfolia (Forst.) Bernh. n = 104 2 ” > (2). 
Paesia scaberula (A. Rich.) Kuhn. | n = 26 35 5 5 a8 
Pteridium aquilinum (L.) Kuhn. | n = 52 Europe, Ceylon | M., 1950; M. & 
8., 1954. 
Malaya, N. Britton, 1953 ; 
America Wagner, 1955. 
New Zealand Brownlie (2). 
Histiopteris incisa (Thbg.) J. Sm. | n = c. 96 Ceylon M. & S., 1954. 
a 


* Further details in Appendix II. 
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Bernh. (No. 23), has greatly clarified the interpretation of both Hypolepis and 
Pteridium Scopoli, for the last of which the basic count of n — 52 has long been 
known. We can now see clearly that all three genera must be based on 26 (or perhaps 
13). At the top of the list we have clear signs of 34 (or possibly 17) as a base number 
in Cibotiwm Kaulf, perhaps Culcita Presl. and parts of Dennstaedtia Bernh. and 
Lindsaya Dryander. We have likewise a series of numbers in the middle forties in 
the genera numbered 9-22, which are not all fully determined but which undoubtedly 
include n = 41 (some species of Lindsaya), n = 43 (Microlepia Presl.), 44 (Schizoloma 
Gaudichaud non sensu Copeland and perhaps Taenitis Wild.), 47 (Lindsaya in part 
and perhaps some species of Dennstaedtia). Some of these numbers could be primitive 
though high prime numbers such as 43 and 47 can scarcely be so. The 65 of Dicksonia 
is also unlikely to be primitive though it may perhaps connect on to certain other 
species of Dennstaedtia which are suspected also to possess this number ; it is not 
known elsewhere. 

Whether each of these groups of shared numbers represents a separate phyletic 
line cannot yet be known, though the probability is strong that some of them may be 
of this nature. It is certain that we need more material to fill in the facts for the 
unexplored genera and to amplify knowledge of critical or difficult genera which 
Lindsaya and Dennstaedtia seem conspicuously to be. Even in the present state of 
knowledge, however, the striking contrast between the cytological diversity presented 
by genera 1-30 of Copeland’s Pteridaceae compared with the extraordinary uniformity 
of genera 31-63 seems in itself to be significant. It is exactly the type of difference 
which we would expect to find between an old group and a younger one and which 
we do find if we compare almost any other of the segregates from the “ Polypodiaceae 
of authors ” with some of the families which are of equal or greater antiquity than 
that attributed to Dennstaedtia and its allies, namely the Schizaeaceae and Gleichen- 
iaceae. In each of these we have very few surviving genera and every genus is cytologi- 
cally quite unlike another. Thus in the Schizaeaceae we have Lygodium Swartz 
with n = 29 and 30°; Anemia Swartz with n = 385; Schizaea Smith with n = 77 
in the only low numbered species of it which has yet been examined (Lovis, 1957). 
In Gleicheniaceae we have Dicranopteris, Bernh. apparently with n = 39 in the 
oriental tropics (M. & S., 1954, Mehra & Singhe, 1956) though this should be further 
confirmed since my own count refers in detail to only one plant. Another, not yet 
officially named, species of Dicranopteris is reported from Jamaica to have n = 43 
(Trevor Walker, personal communication). In New Zealand Brownlie has found 
n = 20, exceptionally large, chromosomes in a species of true Gleichenia Bernh., 
while Brownlie and Walker, from opposite ends of the world and unknown to each 
other have recorded n = 34 for two different species of Sticherus Presl., one in New 
Zealand (Brownlie) and the other in Jamaica (Walker, personal communication). 
Such extreme lack of resemblance between surviving species or genera in a very 
ancient group which cannot fail to have suffered enormous extinction suggests that 
we have here only the fragments of a vanished world, and that these, like the islands 
in an archipelago, are now held together only by their former relation to a sunk 
continent, the details of which, as it was in its prime, can no longer be reconstructed. 

In contrast if we take the Polypodiaceae sens. strict. of Copeland or the Poly- 
podiaceae sens. strictior plus Grammitidaceae of Holttum, or the Aspidiaceae of Cope- 
land after removal from it of the Thelypteridaceae of Holttum and of Ching, or the 
Davalliaceae, or Aspleniaceae of Copeland we have assemblages which cytologically 
are exactly as uniform as is the second half of Copeland’s Pteridaceae. The full 
details cannot be quoted here, nor is this necessary, since, in spite of several additional 
genera now know in each, there is no significant change from the position outlined in 
Manton & Sledge (1954). The key number for the Polypodiaceae (including Gram- 
mitidaceae) is still» = 37 with minor divergences to 36 and more rarely 35, the records 
now representing 22 out of 65 genera. For the Thelypteridaceae we have n = 36 


5M. & S§., 1954. 
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in 6 out of 9 genera with divergence to 35, 34 and a few lower numbers in one genus 
only (Thelypteris Schmidel). In Aspleniaceae we have almost complete uniformity 
with n = 36 in 9 sampled genera out of a total of 12 for the family. The Davalliaceae 
have 40 and 41, the latter restricted to Oleandra Cav. Nephrolepis Schott and Arthrop- 
teris. J Sm. The Aspidiaceae after removal of Thelypteridaceae have characteristically 
41 also (found in 17 genera) though a few genera (Athyrium Roth., Tectaria Cav. 
and Quercifilix Copel.) have 40 and one (Cystopteris Bernh.) has 42. .. 

There would therefore be nothing peculiar from a cytological point of view in 
accepting genera 31-63 of Copeland’s Pteridaceae as a separate family to be called 
perhaps Adiantaceae. Whether it would be possible in practice to construct a defini- 
tion for such a family by which members of it could be effectively separated from 
others, needs expert taxonomic advice. It may be that this is impossible except by 
defining two families (for example an Adiantaceae proper and a Pteridaceae in a new 
and much restricted sense). A decision about this is a technical matter about which 
it would be improper for a cytologist to express opinions. 

The question of what should appropriately be done with the remainder of Cope- 
land’s Pteridaceae can probably not yet be decided, although clearly the name itself 
could not be retained in the absence of the type genus. It is probable that recognition 
of more than one family could be suggested, and may be necessary. This need not, 
however, be done precipitately unless morphological considerations compel it, since, 
within the requirement that taxonomy should express phylogeny, there is no hard 
and fast rule to give guidance as to exactly when, during the submergence of a conti- 
nent, the resulting islands should cease to be treated collectively. It is, however, 
proper to stress the need for more information, although these genera are exactly the 
ones which tend to be thinly scattered, difficult to grow or in other ways inaccessible, 
so that accumulation of sufficient data cannot be expected to be other than slow. A 
need for revising the genus Lindsaya and perhaps eventually for subdividing the 
genus Dennstaedtia can also be pointed out. More generally interesting than this, 
however, is the strong probability which the cytology has independently brought out 
that in essence Holttum’s basic idea for an ancestral position of the Dennstaedtia 
complex in relation to several independent lines of descent is possibly right. 

A word of warning must, however, be added. It has been shown that intensive 
random sampling of a few contemporary floras can be used to forge a very potent tool 
for the detection not merely of human mistakes but those more subtle confusions 
caused by convergent and divergent evolution. Its power should nevertheless not be 
over-estimated. The extraordinary constancy of basic chromosome numbers through 
hundeds of species and dozens of genera in many families of ferns is a positive reason 
for believing that when unexplained discrepancies are encountered they usually 
denote human errors of judgement for which, on closer inspection, other evidence 
can generally be found. We must not, however, rule out the possibility, indeed the 
certainty, that there will sometimes be exceptions. We have incontrovertible evidence 
that great numerical changes must have taken place in the past,though whether by 
large or small steps we cannot yet discern, since without such changes the array of 
different numbers which we actually encounter as characteristic of the various 
families could never have been developed. Can we therefore be entirely certain that 
even peculiar numbers such as 41, 37 or 29 may not occasionally be resynthesized ? 
If they were, cytology, used alone, would be at least as misleading as any other 
morphological criterion which, in isolation, cannot discriminate between convergence 
and divergence. This risk is probably not great for the smaller units in the more modern 
groups, for which there is usually adequate evidence from other sources for effective 
criticism to be applied. In comparing the larger units, however, we are sampling the 
remnants of floras of very diverse ages, and the older the group the less useful does 
cytology become until, in the extremely ancient groups of which only fragments 
remain, it may fail us entirely. 

In the less extreme case, of which the earlier members of Copeland’s Pteridaceae 
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are perhaps an example, we may hope that the evidence, though fragmentary, may not 
yet have been entirely effaced. This is the reason for their exceptional interest, and 
why it has seemed profitable to draw special attention to them. The cytological 
evidence, though new, is nevertheless only part of the whole. Recommendations can 
be made and reasons given for suggested changes, but a final decision of how best to 
express phylogeny in terms of the taxonomic system can only be made in the light 
of all the evidence. 


APPENDIX I, 
Recent Chromosome Counts in Leptosporangiate Ferns. 


The principal sources of information available to me for the purpose of this article 
are listed below. This list does not claim to be a complete record of the data on the 
post-1950 literature, since I have limited citation to work which is personally known 
to me or which is sufficiently clearly authenicated photographically or in other ways 
to be accepted as probably reliable ; I have, however, also excluded several small 
publications, both of my own and others, which add too little to the statistical total to 
justify the space required for quotation in the present context. 

In grouping the citations under floras it is impossible to avoid some overlapping 
in the enumeration of species. The number of genuinely shared species between 
floras is difficult to assess. There are only two such species between the floras of 
Britain and Ceylon (Pteridiwm aquilinum and Adiantum capillus veneris), but between 
Britain and North America (cf. Wagner, 1955) there are about a dozen species 
which bear the same name though several of these are quite certainly taxonomically 
separable. For the tropical floras the uncertainty regarding the proper use of 
specific names for populations in geographically distinct areas is at least as great 
(compare for example the note on Microlepia speluncae (L.) Moore in Appendix 
II). It has therefore seemed impracticable to adjust the published citations to allow 
for possible repetitions of this kind. The total for species is therefore likely to be too 
high by a somewhat uncertain amount for which a reasonable allowance might 
perhaps be of the order of 10 per cent. 

The enumeration of cytologically investigated genera (right hand column) is 
reasonably accurate. It should, however, be noted that it is impossible in practice to 
follow any one authority regarding what constitutes a genus. The most extreme 
case is in the Hymenophyllaceae for which the 30 or so investigated species (Europe 
3, Manton, 1950 ; Ceylon and Malaya 8, Manton & Sledge, 1954; New Zealand 15, 
Brownlie (1), (2), (3); and India 10, Mehra & Singh, 1955) can be allotted to two 
genera (Hymenophyllum L., and Trichomanes L.) on the old system, or to ten, if 
Copeland’s subdivisions are followed. In this particular case I have retained the 

older usage of two genera since the cytological boundaries do not seem to coincide 
in detail with those of Copeland’s genera. In a few other cases genera not recognized 
by Copeland have been adopted if cytological discontinuities have seemed to require 
it. Discussion of these individually will be found in the literature cited or in the text 
of this article. 

With regard to families it should be noted that while the list as it stands refers to 
leptosporangiate ferns as a whole it is not difficult to allow for a few well-established 
families which are not controversial. If the Osmundaceae, Schizaeaceae, Gleichenicaeae, 
Matoniaceae and Hymenophyllaceae are removed, their records amount to about 
50 species in 12 genera. What remains is the Polypodiaceae of authors. 
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Total Genera 
genera newly 
Species investigated investigated 
1. Exact counts before 1950 (see p. 74 footnote’) : 1 ° — F 1 
2. Published in Manton, (1950)— 
British flora . : : : 47 19 18 
European (non-British) . f : ; 2 6 : — 1 
Madeira flora‘ : A 6 . . 38 4 26 — 
Non-European wild : a : ; : 8 : 6 2 
Botanic Gardens . : ; : : : 2 — 1 
3. Published in Manton & Sledge, (1954)— 
Ceylon flora . : ; : : Z 5 Oy WB8Y, : 67 54 
Other sources not repeated elsewhere : CLS : — 3 
Botanic Gardens. ; ; : - : 8 : — 1 
4, Published (Manton) in Holttum, (1954)— 
Flora of Malaya ¢ : 3 100 a 43 5 11 
5. Manton unpublished— 
Flora of Africa : : 4 : 2 ; 100 : 30 3 
Additions to Ceylon flora - c : 33 3 — 4 
x », Malayan flora z 3 2 . 40 . — 2 
Other wild sources . F : : : ee 20 : _ 4 
6. Published in Britton, (1953) ; Wagner (1), (2), (3) ; 
Manton, (1951); Manton & Walker, (1953) ete.— 
North American flora : : 4 . : 30-40 15 ¢ 3 
7. Published in Brownlie (1), (2), (3)— 
New Zealand flora . 5 78 2 30 c 7 
8. Published by Indian workers (especially Mehra and 
collaborators)— 
Flora of Himalayas E 5 5 z eee oU : 10 6 3 
9. Studies on single genera— 
Dryopteris spinulosa complex (S. Walker, 1955 
and unpub.) : : 3 c : 2. 6. 20 — = 
Shivas, 1955 ; Wagner, etc. A 
Shivas, 1955; Wagner, etc. - : : ‘ c. 20 — — 
Pieris and Idiopteris (T. Walker, 1957a, 19576 and 
unpub.) 5 , ‘ : ; ;: c. 60 — 1 
Total . 0 : : A : 819 S 56 : 119 


Apprnprix IT. 


Details concerning species and genera included in Tables I and IT or individually 
mentioned in the text against the citation (Manton, unpublished). 

Anisosorus occidentalis (Bak.) C. Chr —Two adult plants sent from the Gold Coast by 
Dr. C. D. Adams (cf. Adams & Alston, 1955), fertile in culture at Kew. Chromo- 
somes very small and number slightly uncertain but of the order of n = 49-50. 
Plate 4, fig. 14. 

Crbotium splendens (Gaudich.) Krajnia ex Skottsb—Specimen long in cultivation at 
Kew under the name of Dicksonia menziesii Hk. et Bak. and believed to have 
come from the Sandwich Islands. Very perfect count n = 68. 


° The Madeira flora was only included in Manton (1950) in summary form and detailed publica- 
tion of all the worked species has not yet been carried out, though four were individually quoted 
in Manton (1950) and three others in Manton & Sledge (1954). Among the total of 26 genera 
20 are also European. The remaining six have been included among representatives of the other 
countries listed, except for Culcita Presl. which is described here (see Appendix IT). 
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Crbotium glaucum (Sm.) Hk. et Arn.—As the preceding except for name (PI. 3, fig. 8). 


Culcita macrocarpa L’Herit.—Recently collected wild specimen from the Azores fertile 
at Kew gave the meiotic count. An approximate count from a root tip on a plant 
of the same species from Madeira suggests uniformity throughout Macaronesia, 


Dicksonia arborescens L’Herit.—This, the type species of Dicksonia, is endemic to 
the island of St. Helena: it has long been in cultivation at Kew and is believed 
to have been introduced by Thomas Frazer in 1895. n — 65. 


Gymnopteris rufa (L.) Bernh.—This Species is native to tropical America but, like 
several other ferns from the New World, has become established in Ceylon 
as a weed of tea plantations. Greenhouse cultivation is easy and it makes a 
fast growing and decorative pot plant. It is very satisfactory cytological material 
giving clear preparations readily (cf. Plate 4, fig. 10). 

Lindsaya spp.—The count of n = 47 is very clearly attested in L. concinna J. Sm. (Pl. 
3, fig. 5) collected wild in Australia by Melville and in several species brought from 
Malaya by Professor Holttum and identified according to the terminology used in 
his book (Holttum, 1954). There is no possibility of confusion with the n = 34 
recorded by Brownlie for L. linearis Sw. in New Zealand, and both these numbers 
must be accepted for the genus as at present constituted. My own earlier records 
quoted as c. 50 and c. 100 in L. pectinata Bl. and L. deconvposita Wild. are not 
necessarily different from 47 and its multiples since at that time there was no 
accurate knowledge available (Manton & Sledge, 1954), and both these records 
were rough estimates. The count for L. cultrata, however (n =c. 150) was 
expressed as “not less than 150 nor more than 160” (Manton & Sledge, 1954, 
p. 146). It was based on good material (cf. loc. cit. Plate 5, fig. 42) and I think 
it unlikely that this could be a multiple of 47. It is therefore probable that 
some other numbers are present in the genus in addition to those already found. 


Lonchitis spp.—These three species are recent African gatherings sent alive to Kew 
and identified by Mr. A. H. G. Alston of the British Museum. The tetraploid 
L. currort (Hk.) Mett. came from the Gold Coast and the two diploids from the 
Belgian Congo (ef. Pl. 4, fig. 13). 

Microlepia—The count for M. puberula v.Av.R. as previously published was 
only approximate since it was based on a wild fixing sent from Malaya by post. 
Better results have since been obtained on plants raised at Kew from spores 
sent by Professor Holttum from Malaya at the same time as the previous fixings. 
The count is now quite certain and the number (n = 86) is that of a tetraploid 
(cf. the Ceylon and Malayan specimens of M. speluncae). The African material 
nm = 129 (hexaploid) was raised on two different occasions at Kew from spores 
sent from the Gold Coast and British Cameroons respectively. A consistent 
cytological difference of this kind between African and Oriental specimens 
probably indicates the need for nomenclatural revision. 


Onychium.—I have examined one species O. auwratum Kaulf, (O. siliculosum (Desv.) 
C. Chr.) raised at Kew from spores sent from Nepal (Kew reference 306/55). 
My count (n = 29) agrees exactly with that published independently by Mehra 
& Verma, 1957. 

Pityrogramma triangularis —This Californian species was mentioned but notillustrated 
in Manton & Sledge, 1954, but owing to a clerical error the count was recorded 
as » = 30 instead of n = 60. Pl. 4, fig. 9 is from the original preparation 
showing an unambiguous count of 60. 

Saffordia.—This very rare monotypic genus is cited by Copeland as known from only 
one collection. Living material of the only species S. induta Maxon was received 
at Kew from a correspondent in Peru in 1956 and one plant was still alive in 
1957. Fixations were taken in both years and though the chromosomes are 
difficult the number is undoubtedly 29-30. 
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Schizoloma tenerum (Dry.) Holtt.—This species, gathered in Ceylon by T. Walker 
in 1954 and since in cultivation at Kew, repeats exactly the previous result on 
the much commoner species S. ensifolia (Sw.) J. Sm. both of which have now 
given preparations of exceptional clarity showing n = 88. This number is 
almost certainly that of a tetraploid on 44 but since 44 has not so far turned up 
among the species of Lindsaya examined, to which genus these two are referred 
by Copeland, I am retaining the older nomenclature while recognizing that to 
do so departs from Copeland’s conception of the genus Schizoloma. 


Taenitis blechnoides (Wild.) Sw.—Specimens from Malaya and from Ceylon have been 
in cultivation at Kew for several years but have only recently become fertile. 
They are exceptionally difficult cytologically owing to the profusion of paraphyses 
which cannot be separated from sporangia and which greatly impede squashing. 
The meiotic count has only been made on material from Malaya though root 
tips indicate that Ceylon material has the same ploidy. For further discussion 
see pp. 83 and 85. 
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PuatTEs 3 AND 4 


Samples of the cytology of representative genera from the Pteridaceae sensu Copeland. All 


Fic. 
Fic. 
Fic. 
Fia. 
Fie. 
Fie. 
iG: 
TG. 
Fig. 
Fic. 


preparations in permanent aceto-carmine as described in Manton 1950, photographed and 
reproduced at a magnification of x 1000. 


5.—Lindsaya concinna J. Sm, (Australia), n = 47. 

6.—Microlepia platyphylla (Don) J. Sm. (Kew), n = 48. 

7.—Syngramma quinata (Hk.) Carr. (Malaya), n = 116 after Manton 1954 in Holttum 1954. 
8.—Cibotium glaucum (Sm.) Hk. et Arn. (Kew), m = 68. 

9.—Pityrogramma triangularis (KIf.) Maxon (California) n = 60. 

10.—Gymnopteris rufa (L.) Bernh. (Ceylon, weed), n = 30. 

11.—Actiniopteris australis (L.fil) Link (Kenya) 2n = 87. 

12.—Pteris aff. quadriaurita Retz. (Ceylon) n = 29 after Manton & Sledge 1954. 
13.—Lonchitis mannii (Gold Coast), n = 38. 

14.—Anisosorus occidentalis (Gold Coast) n = c.50. 
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DARWIN, WALLACE, AND “PRE-ADAPTATION”’ 
By L. Harrison Marruews, F.R.S. 
Director, Zoological Society of London 


New ideas, if they attract wide notice, are often greeted with much hostility ; 
but when their novelty has worn off the hostility may be followed by surprise that such 
obvious matters had not been discovered long before. Many new ideas, however, 
are still-born and receive little notice and less acceptance because they are produced 
to a world that 1s not ready to receive them—the time is not ripe. The theory of the 
origin of species by means of natural selection, propounded by Darwin and Wallace 
in 1858, arrived at a moment when the advancing knowledge of natural history was 
in dire need of a fertilizer to encourage and direct its growth into profitable channels 
of investigation. Even more important was their arrival at a time when energetic 
supporters of new ideas were available to uphold them against the hostility of the 
orthodox. 

Organic evolution was no new idea when Darwin and Wallace put their views 
forward ; indeed, it was a very old one, familiar to the classical philosophers with whom 
it was summarized in the phrase m&vTa fel. Such concepts were lost to view in the 
obscurantism of the dark ages, and found no place in the anthropocentric cosmologies 
of the renaissance which dominated the development of thought until well into the 
nineteenth century. The increasing knowledge of the natural world, and the appli- 
cation of new scientific discoveries for the material benefit of mankind that came 
with the birth and growth of modern science gave a feeling of power and confidence 
that confirmed man’s belief in the literal truth of the Holy Scriptures, and his assump- 
tion that he was a being apart for whose convenience and use the rest of the universe 
had been specially created. 

During the eighteenth century the rapid exploration of the globe that brought 
rich spoils from distant regions to the museums, at first private and later public, of 
all the civilized nations of Europe gave rise to a growing realization of the immense 
variety in the fauna and flora of the world, a variety almost chaotic untilit was reduced 
to order by the work of Linnaeus. His classification of animals and plants into species 
and especially into genera implied a kinship between the different kinds of living 
beings that paved the way for the advancement of the concept of organic evolution. 
The ground was further cleared by the comparative anatomists and palaeontologists, 
among whom Cuvier was an outstanding figure, whose work emphasized the similarities 
as well as the differences between species and larger groups. At the end of the eight- 
eenth century, and in the early years of the nineteenth, many naturalists were think- 
ing about these matters and finding the theory of evolution the only satisfactory 
explanation of the observed facts. They were much occupied in trying to reconcile 
the theory of evolution with the observed stability of species. It is surprising, when 
one considers the number of philosophers, from Goethe and Buffon to Lamarck and 
Erasmus Darwin, whose attention was focussed on the subject, that an acceptable 
explanation was so long in appearing. a 

Although species were known to be stable, it was also known that no two individuals 
of any species are exactly alike, and that careful examination reveals the existence of 
numberless minute variations from the average. Variety among domestic animals 
and plants is conspicuous, and the establishment of the domestic breeds many of which 
superficially differ from each other as widely as wild species, drew attention to the 
possibility that some kind of selection analagous to that used by man for improving 
his domestic breeds might form new species by acting upon the variations found in 
wild animals and plants. 

The natural selection of those individuals most fitted to their environment is almost 
a truism, especially when expressed in its inverted form as “ survival of the fittest ”. 
As early as 1831 the importance of natural selection had been pointed out by Patrick 
Matthew who wrote: “As the field of existence is limited and preoccupied, it is only 
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the hardier, more robust, better suited to circumstance individuals, who are able to 
struggle forward to maturity, these inhabiting only the situations to which they have 
superior adaptation and greater power of occupancy than any other kind ; the weaker 
and less circumstance-suited being prematurely destroyed. This principle is in constant 
action ; it regulates the colour, the figure, the capacities and instincts ; those indi- 
viduals in each species whose colour and covering are best suited to concealment or 
protection from enemies, or defence from inclemencies or vicissitudes of climate, 
whose figure is best accommodated to health, strength, defence and support ; whose 
capacities and instincts can best regulate the physical energies to self-advantage accord- 
ing to cireumstances—in such immense waste of primary and youthful life those only 
come forward to maturity from the strict ordeal by which nature tests their adaptation 
to her standard of perfection and fitness to continue their kind by reproduction.” 

It is a matter for wonder that with the theory of evolution or “origin by descent #¥ 
familiar to naturalists, the obvious fact of the “survival of the fittest ” plainly set 
forth by Matthew, and the well known variability between individuals, the world 
had to wait so many years for these concepts to be welded into one coherent philosophy. 
Darwin had indeed arrived at his main conclusions and committed them to writing 
only eight years after the publication of Patrick Matthew’s work. He had, however, 
communicated them to only a few friends pending the accumulation of the vast mass 
of supporting evidence that was eventually published in the Origin of Species. It was 
not until the receipt in 1858 of Wallace’s essay expounding the same views that Lyell 
and Hooker insisted on their joint publication in the Journal of the Linnean Society. 

The Darwin- Wallace communications appeared at the right moment, for the ground 
was well prepared to receive them. T. H. Huxley tells us that they had the effect 
upon himself and his contemporaries “ of a flash of light, which to a man who has 
lost himself on a dark night suddenly reveals a road which, whether it takes him 
straight home or not, certainly goes his way. That which we were looking for, and 
could not find, was a hypothesis respecting the origin of known organic forms, which 
assumed the operation of no causes but such as could be proved to be actually at 
work ... The “Origin ” provided us with the working hypothesis we sought. 
Moreover, it did the immense service of freeing us for ever from the dilemma—refuse 
to accept the creation hypothesis, and what have you to propose that can be accepted 
by any cautious reasoner ? In 1857, I had no answer ready, and I do not think that 
anyone else had. A year later, we reproached ourselves with dullness for being perplexed 
with such an enquiry. My reflection, when I first made myself master of the central 
idea of the “Origin’’, was, “‘ How extremely stupid not to have thought of that!” . 
The facts of variability, of the struggle for existence, of adaptation to conditions, were 
notorious enough ; but none of us had suspected that the road to the heart of the species 
problem lay through them until Darwin and Wallace dispelled the darkness . . .” 

As Huxley said, all these things were well known, but their relevance to each other 
remained unseen until two men at the opposite ends of the earth pointed out how 
they fitted together. Both men were naturalists who had travelled widely and were 
familiar with the immense abundance of species, the one particularly impressed by 
the ‘‘ family resemblance ” between different species inhabiting island groups, and. by 
the extinct forms preserved in the geological record, and the other with the prodigality 
of tropical nature. Both were influenced, in seeking an explanation of what they had 
seen, by the writings of Malthus on the growth and natural control of the numbers in 
human populations. In the first paragraph of his 1858 paper Darwin speaks of the 
struggle for existence and adds, ‘‘ It is the doctrine of Malthus applied in most cases 
with tenfold force ”’. Wallace does not refer to Malthus in his essay, but in his “ Life”’ 
he tells how when he was at Ternate he “‘ was suffering from a sharp attack of inter- 
mittent fever, and every day during the cold and succeeding hot fits had to lie down 
for several hours, during which time I had nothing to do but to think over any subjects 
that particularly interested me. One day something brought to my recollection 
Malthus’s Principles of Population, which I had read about twelve years before 
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Then it suddenly flashed upon me that this self-acting process [selection by survival of 
the fittest] would necessarily improve the race, because in every generation the inferior 
would inevitably be killed off and the superior would remain—that is, the fittest would 
survive ... For the next hour I thought over the deficiencies in the theories of 
Lamarck and of the author of the “ Vestiges ”, and I saw that my new theory supple- 
mented these views and obviated every important difficulty. I waited anxiously for 
the ‘termination of my fit so that I might at once make notes for a paper on the 
subject. The same evening I did this pretty fully, and on the two succeeding evenings 
wrote it out carefully in order to send it to Darwin by the next post, which would 
leave in a day or two.” 

Darwin was thus hustled into the publication of the views he had been developing 
for twenty years by the arrival of an essay written out in two evenings after being 
conceived in the fevered brain of his friend sweating in a bout of malaria. Without 
this stimulus he might well have been another twenty years before publishing—the 
thoroughness of his methods made his work painfully slow, and his innate modesty 
made him diffident about publishing. It was only the insistence of Lyell and Hooker 
that persuaded him into allowing part of his unpublished work to appear with Wallace’s 
essay, and he was fully prepared, and even expressed a wish, to withdraw and allow 
what honour there may be in priority to fall to Wallace. 

The intense hostility and controversy produced by the appearance of the Origin 
of Species a year after the publication of the Darwin—Wallace paper had, fundamentally 
nothing to do with originality of the ideas put forward by the authors. Their 
originality lay in proposing a theory that was acceptable to the naturalists of their 
time as an explanation of the process of evolution; many were already convinced 
of the fact of evolution, but without a plausible theory to show how it might have 
taken place they were unable to refute their opponents who held to the doctrine of 
special creation. They were consequently inclined with Huxley “to say to both 
Mosaists and Evolutionists, ‘a plague on both your houses!’ and disposed to turn 
aside from an interminable and apparently fruitless discussion to labour in the fertile 
fields of ascertainable fact.’ When the theory of natural selection made a logical 
defence of evolution possible the storm broke with a vengeance. 

The conflict raged between the Mosaists and the Evolutionists, both of them 
adhering to beliefs that had been current for several thousand years, but in the con- 
fusion and noise of the warring elements the contributions of Darwin and Wallace 
became distorted. Darwin was credited not only in the popular mind but even in 
scientific circles with being the originator of the ‘‘ theory of evolution ”’, a distinction 
that Darwin never claimed notwithstanding Samuel Butler’s spiteful chapter XV 
on the “ Excised My’s” in Luck or Cunning? The history of that prolonged 
battle needs no recapitulation ; thirty years later Huxley was able to write, “ the 
contrast ... between the acquiescence, or at least quiescence, of the theologians 
of the self-respecting order at the present day and the outburst of antagonism on 
all sides in 1858-59 when the new theory respecting the origin of species first became 
known to the older generation to which I belong, is so startling that, except for 
documentary evidence, I should be sometimes inclined to think my memories dreams.” 

But in 1858 the time was ripe; if Darwin and Wallace had never lived, sooner 
rather than later someone would have reached conclusions similar to those they pub- 
lished in their Linnean paper; conclusions that would have been generally accepted 
as valid after a similar heated argument. Huxley writes, “ The fact is, that a discerning 
eye might have seen that some form or other of the doctrine of transmutation was 
inevitable, from the time when the truth enunciated by William Smith, that successive 
strata are characterized by different kinds of fossil remains, became a firmly established 
law of nature.” And the ground had been well prepared by Lyell who, paradoxically, 
had been an opponent of Lamarck’s theory of evolution before the publication of the 
“ Origin’, and who would have accepted Darwin’s theory without reserve if he 
“could have avoided the inevitable corollary of the pithecoid origin of man—for 
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which, to the end of his life, he entertained a profound antipathy”. Speaking of Lyell’s 
Principles of Geology Huxley says, “ When I consider that this remarkable book 
had been nearly thirty years in everybody’s hands ... I cannot but believe that 
Lyell, for others, as for myself, was the chief agent in smoothing the road for Darwin ”. 
By “smoothing the road for Darwin” he appears to mean “‘ preparing the general 
mental attitude to accept evolution as a fact”, for he says, ‘* The oldest of all philo- 
sophies, that of Evolution was bound hand and foot and cast into utter darkness 
during the millenium of theological scholasticism. But Darwin poured new life-blood 
into the ancient frame; the bonds burst, and the revivified thought of ancient 
Greece has proved itself to be a more adequate expression of the universal order of 
things than any of the schemes which have been accepted by the credulity and wel- 
comed by the superstitition of seventy later generations of men.” ef 
Darwin was fortunate not only in his timing of the publication of the Origin of 
Species but also in the presence of champions who were prepared to do battle in defence 
of his ideas. The publication of the brief Darwin-Wallace paper of 1858, in spite of 
its modest circulation, was no doubt responsible for the immediate success, from 
the publisher’s point of view, of the “Origin”. Darwin’s diary for 1859 notes, 
“©1250 copies printed. The first edition was published on November 24th, and 
all copies sold first day’, and later in the year, “ During end of November and 
beginning of December, employed in correcting for second edition of 3000 copies ”. 
One may wonder how the “ Origin ” would have fared had Huxley not been at hand 
to fight its battles. Few, even among the scientists, were prepared to speak in. its 
defence—Canon Tristram was the first zoologist to publish his belief in natural 
selection, ‘‘on the strength of the paper in the Linn. Soc. Journal, 1858» —and Huxley 
remembered none beside himself that was active in its support beyond Asa Gray, 
Hooker, Lubbock and Lyell who, in spite of his reservations, was “‘ a tower of strength’. 
Darwin was incapable by inclination, apart from his physical weakness, of engaging 
in controversy, least of all in a heated one, and Wallace ‘“‘ was far away in the Malay 
Archipelago ”’. It was Huxley who took up the cause of evolution through the agency 
of natural selection with the fervour of a religious revivalist, and by his energy and 
persistence silenced its opponents and obtained the general acceptance of evolution as 
a fact. Darwin certainly could never have accomplished this ; Darwin who “‘in spite 
of an acute sensitiveness to praise and blame ... kept himself clear of all envy, 
hatred and malice, nor dealt otherwise than fairly and justly with the unfairness and 
injustice which was showered upon him, while, to the end of his days, he was ready to 
listen with patience and respect to the most insignificant of reasonable objectors.” 
Nor is it probable that Wallace would have succeeded ; it is true that in later years he 
added much additional support by his writings, but his writing had to be done at 
leisure away from the heat of argument—he disliked public speaking although he 
gave many lectures to earn fees—and he confessed that “ I am, and always have been, 
constitutionally lazy,without any of that fiery energy and intense power of work 
possessed by such men as Huxley and Charles Kingsley.” 
_ Neither Darwin nor Wallace had any formal scientific training, and both became 
involved in the philosophy of biology through an apprenticeship in systematics, 
Darwin with his Zoology of the Voyage of the ‘‘ Beagle” and his Monograph on the 
Cirripedia, and Wallace through numerous papers describing the birds and insects 
that he collected in the western and eastern tropics. It is true that Darwin read 
medicine for two years at Edinburgh before abandoning the subject in disgust and 
moving to Cambridge to read for the church, but he confesses that his time at the uni- 
versity was entirely wasted and was chiefly devoted to shooting, hunting, riding across 
country and to collecting beetles merely for the sake of collecting. He was, however 
sufficiently interested in natural history to volunteer, at the invitation of Captain 
Fitz-Roy, as naturalist without pay for the five-year surveying voyage of the “ Beagle’. 
Wallace was trained as a land-surveyor and, becoming interested in natural history. 
collected beetles and butterflies rather more seriously than Darwin. Through his 
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natural history interests he got to know W. H. Bates, and together they planned a 
natural history collecting trip to the Amazon, the expenses of which they hoped to 
recover through the sale of duplicate collections. The railway mania of 1846 gave him 
his opportunity, for he was able to capitalize the trip by saving £100 in six months 
from the then unheard-of lavish surveyor’s pay of two pounds a day and all expenses. 

The voyage of the “ Beagle ”, and the first trip to the Amazon, were the turning 
points in the lives of the two naturalists, and determined the whole course of their 
future careers on curiously parallel courses, although Darwin was a rich man and Wallace 
had to earn his living by the constant exercise of his literary abilities almost to the 
end of his life. Both of them gained an immense knowledge of many branches of natural 
history, but neither of them was a scientist in the modern meaning of the term. Dar- 
win’s methods of patient observation, careful experiment, and deeply pondered 
conclusion were in the best traditions of scientific thought. Wallace was less self- 
critical and was very inclined to regard propositions as proved when he had done no 
more than show that they were probably true. In spite of his brilliant essay of 1858 
“On the Tendency of Varieties to depart indefinitely from the Original Type ”’ he 
came near to letting the trees obscure his view of the wood, for on his return fromMalaya 
he spent five happy years arranging and describing his collections before he realized 
that such matters were better left to those more qualified to undertake them. When 
he turned his attention seriously to the subject of geographical distribution he was 
able to synthesize his wide knowledge of facts gathered by personal experience into 
a valuable whole. But he also allowed himself to be diverted, and frittered away his 
time on such matters as refuting the “ flat-earthers ’, advocating spiritualism and 
antivaccination, and on many other trivialities, as well as dabbling in theories of 
socialism and land-nationalization. 

It was as philosophers rather than as research scientists that Darwin and Wallace 
gave an impetus to the study of biology that has lasted a full century, and will con- 
tinue to stimulate it in the future to an extent that cannot be foreseen. Their ideas, 
so ably expounded by Huxley, orientated biological investigation in a direction from 
which it has never seriously deviated, although the main effort of research has from 
time to time turned into by-roads that have not rejoined the main track for a consider- 
able time, and which indeed for a while appeared to be the main track itself. 

Darwin and Wallace were handicapped because the modern science of genetics 
was not to be born until nearly half a century after the publication of their joint paper 
in 1858, although breeders of domestic animals and plants had accumulated much 
empirical knowledge. Without genetics to guide them many of their concepts 
remained uproven speculations. Wallace tells us that “ Darwin always believed in 
the inheritance of acquired characters, such as the effects of use and disuse of organs 
and of climate, food, etc., on the individual, as did almost every naturalist, and his 
theory of pangenesis was invented to explain this among other effects of heredity. I, 
therefore, accepted pangenesis at first, because I have always felt it a relief (as did 
Darwin) to have some hypothesis, however provisional and improbable, that would 
serve to explain the facts . . .”’ Wallace lived long enough to see the theory of the 
inheritance of acquired characters discredited, and to appreciate from the work of 
Weismann that changes in inherited characters must be due to changes in the ‘“‘germ 
plasm.” The discovery of Mendel’s work occurred before his death, and although 
he must have known of it, he evidently did not appreciate its importance to the 
nascent discipline of genetics, for he makes no reference to it in any of his writings. 

Both Darwin and Wallace appear at times to overlook the fact that in dealing 
with systems of classification the species is the only biological entity, and that genera, 
families, and the other aggregations of species are merely an expression of the opinion 
of systematists. When Wallace, for instance, cites the number of genera common to 
certain islands as evidence of former geographical continuity he deceives himself if 
he intends to imply more than that the islands are inhabited by species that resemble 
each other closely. It is impossible to know what he meant precisely, but he gives the 
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impression that he attached more importance and meaning to the word “ genus ” 
than is justified. This confusion of thought, if indeed there was confusion, must be 
attributed. together with his imprecise use of the term “ variety ” tothe contemporary 
lack of any knowledge of genetics. 

Since characters acquired during the lifetime of the individual cannot be inherited, 
the characters transmitted to the offspring cannot be the result of any direct process 
of moulding by the environment. New phenotypes must, therefore, be the result of 
mutation in a gene or genes which chance to meet and produce a homozygous indi- 
vidual unless the gene happens to be dominant. Most of the known mutations are 
detrimental and the proportion of advantageous ones must be extremely small. Never- 
theless, a gene that produces an advantageous character in the phenotype will be likely 
to spread rapidly through the population in which it occurs if the population is a 
small one owing to geographical or ecological isolation. A mutation in a gene may, 
however, produce a phenotype that is at an advantage in a slightly different environ- 
ment from that hitherto inhabited by the species, so that a new ecological niche can 
be colonized. Thousands of mutations that are quite useless must occur for every one 
that confers any advantage. Animals must, therefore, be presented with an enormous 
mass of potential variation most of which is quickly eliminated by natural selection 
and only a very small fraction of which is preserved. Time, however, is on the side of 
advantageous mutations, and when the rare useful ones do turn up the recipients 
must, if they can, find how to use them to the greatest advantage. So far from the 
environment moulding the evolution of a species by producing advantageous mutations 
a species must find the environment in which any new character produced by mutation 
can be utilized to the best purpose. This process has been loosely and incorrectly 
termed “‘ pre-adaptation ’’, in the sense that the use for new characters, if they are 
useful, must be found before they can be preserved by natural selection; “‘pre- 
adaptation ”’ taken literally carries an unacceptable teleological implication. 

The modern concept of evolution by the cumulative effect of natural selection 
acting upon random mutations, often individually of small extent, entirely eliminates 
the Darwinian belief in the inheritance of acquired characters, teleology, Lamarckism, 
orthogenesis, or any other theory, notwithstanding recent work on genetic assimilation. 
Random mutations present the possibility of developing new characters for which a 
use may or may not be found ; if they occur at a time when all the circumstances 
are propitious they may prove to be highly advantageous and lead to profound modi- 
fications of structure, physiology, habit or geographical distribution. The essence 
of the process is the timing of the appearance of the new factor. 

By a loose sort of analogy Darwin and Wallace may be said to have been “ pre- 
adapted ”’ when they promulgated their theories. The idea of evolution was thousands 
of years old, and natural selection or the survival of the fittest was a truism to which 
attention had already been drawn in the thirties of the nineteenth century, yet they 
had roused little interest and found no acceptance. It was not until suitable ecological 
conditions—primarily the intellectual climate—were such that these ideas were 
adapted to supplant those hitherto current, to survive as the fittest, and to become 
dominant, that they were more viable than they had been on the previous occasions 
when they had appeared. One of the most important factors, perhaps the most 
important, was the presence of Huxley, in the absence of whose energetic support 
and tireless advocacy and vindication they might well have been ignored for another 
quarter of a century until the inevitable recombination of circumstances had at last 
made possible the acceptance of similar ideas produced by their successors. It is 
ironical that although Darwin and Wallace thought they had discovered how evolution 
has taken place modern research has shown that their ideas about the inheritance of 
acquired characters were erroneous, for genetic assimilation has yet to be proved a 
widespread phenomenon ; and that in the popular mind posterity has credited Darwin 
in particular with originating the “theory ” of evolution, a concept that is now accepted 
as a fact and not as a theory, but which Darwin never claimed as his own. 
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THE PROBLEM OF THE CLASSIFICATION OF REPTILES 


By F. R. Parrineron. 
(University Museum of Zoology, Cambridge.) 


(With 7 text-figures and table I.) 
The problem. 


A view which is maintained by some writers to-day, that all reptiles belong to one 
of two major taxonomic divisions, had its origin in a paper published by H. F. Osborn 
in 1903. In this work Osborn claimed that during the previous century too much 
weight had come to be laid on the manner of fenestration of reptile skulls when 
discussing the taxonomy of the group, and he emphasized the danger of relying on any 
such single character. He discussed the outstanding osteological characters, both 
cranial and post-cranial, of all the principal groups of reptiles then known, and reached 
the conclusion that each order could be referred to one or other of two great subclasses 
which he called the Synapsida and Diapsida. These were established on twelve 
characters which, he believed, were typical but not individually diagnostic. Ogsborn’s 
grouping of certain orders is plainly erroneous in the light of present knowledge 
(e.g. he placed the Pelycosauria among the Diapsida), and examination of his characters 
to-day shows that some were too late in their appearance to be helpful in identifying 
primitive reptiles, some are of little or no value (e.g. skull proportions), while others 
have been misunderstood (e.g. the vomers), or must be regarded as having been 
achieved independently more than once since in certain cases their application is 
mutually contradictory. But for the most part Osborn’s characters are still valid 
in expressing the great differences which appeared in the course of time between 
synapsid and diapsid reptiles and, judged from the state of knowledge at the time it 
was written, his work was a valuable synthesis. 

In 1916 Goodrich discussed the matter at some length. He described Osborn’s 
work as epoch-making and accepted his broad conclusions, but he called attention 
to two characters which he considered had been neglected. The first of these was the 
“hooking ” of the fifth metatarsal which occurs in all modern reptiles in which the 
foot is properly developed, but which is not known to occur in mammals or in un- 
doubted mammal-like reptiles. Goodrich pointed out that this feature, long known 
to anatomists, occurred in a very wide range of differently adapted modern reptiles 
and, implying that it was not, therefore, adaptive, he proceeded to classify those 
dubious groups in which the structure could be determined according to the presence 
or absence of this character. 

Goodrich then discussed the structure of the heart and the arrangement of the 
systemic arches in amniotes. He claimed that while the circulatory system of a bird 
could be derived from that of a modern reptile quite simply, the mammalian system 
could not. It was therefore necessary to suppose that the earliest amniotes possessed 
an undivided ventricle and a symmetrical arterial system, not unlike that found in 
some modern amphibia, to provide a common plan from which both modern reptilian 
and mammalian circulatory systems could have evolved. a 

Goodrich suggested that, while it was convenient to retain the class Reptilia, 
the reptiles should in fact be regarded only as a grade of amniote evolution and he 
proposed that the amniotes be divided into three groups, the Protosauria, the Saurop- 
sida and the Theropsida. Into the Protosauria, which he regarded as transitional 
between amphibia and reptiles, he placed the Cotylosauria and the Microsauria (a 
group of small tetrapods the true nature of which remains uncertain to-day). Into 
the Sauropsida he placed the typical reptiles and birds, and into the Theropsida the 
mammal-like reptiles and mammals. 
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The form of the fifth metatarsal of reptiles has not proved of great value as an 
indicator of their affinities, and little use has been made of it by subsequent writers, 
though Goodrich maintained his views when he discussed the matter agam in 1942. 
Here he redescribed the foot of Youngina, the oldest ascertainable diapsid, and agreed 
with Broom that, while the head of the bone was expanded, it could not be regarded 
as hooked. He agreed also that the foot of T’angasaurus, another early reptile believed 
to be diapsid, showed no hooking of the metatarsal, but dismissed it because it had 
not been shown beyond doubt to be a diapsid reptile. Lach 

The assumption that the hooked metatarsal evolved only once implies the deriva- 
tion of the Chelonia from diapsid reptiles and this cannot be reconciled with conclusions 
based on a study of the skeleton in general, which indicates that the Chelonia were 
evolved directly from the cotylosaurs, possibly the Pareiasauria (Watson, 1914c ; 
Gregory, 1946; Olson 1947). It would seem likely that the hooking is a necessary 
modification following the loss of the fifth distal tarsal and the formation of a meso- 
tarsal hinge, for these two developments are found in typical diapsids but not in 
synapsids which, while they lose the distal tarsal, form a crurotarsal hinge between 
the epipodials and the proximal tarsals. It is noteworthy that Youngina still retained 
the distal tarsal, while Tangasaurus, which was almost certainly an aquatic diapsid, 
probably had a webbed foot lacking any marked mesotarsal hinge. Recently Vaughn 
(1955) has redescribed the foot of the captorhinomorph Araeoscelis and shown that, 
while it has lost the fifth distal tarsal and formed a mesotarsal hinge, it has an un- 
hooked, though widely divergent, fifth metatarsal. But he formed the opinion that 
the hinge was but poorly developed, the articular surface being “‘ not nearly as well 
developed as they are in e.g. lizards’. 

The assumption that the hooking of the fifth metatarsal was a non-adaptive 
character of considerable taxonomic value appears to be unjustified. It is likely to 
have evolved at least twice, and its absence in early reptiles is as likely to be an indi- 
cation of primitiveness as of relationship. 

Goodrich’s use of his second character, the nature of the heart and arterial arches, 
has been criticized by von Hofsten (1941) who pointed out that Goodrich’s diagram of 
the circulatory system of a generalized reptile is misleading and greatly oversimplifies 
the problem. He called attention to the fact that in the Squamata, Rhynchocephalia 
and Chelonia, unlike the Crocodilia and birds, blood from the right auricle enters the 
left side of the ventricle, and that this condition could not well be ancestral to that 
of the Archosauria. Furthermore he pointed out that the left aortic arch is related 
differently to the ventricular septum in the Chelonia and the Lepidosauria (Squamata 
and Sphenodon). Von Hofsten’s conclusion that, while Goodrich was right in claiming 
an early separation of the synapsid stock, the heart and systemic arches indicate a 
splitting of the amniotes into at least four lines of evolution seems eminently correct. 
Judged from their circulatory systems the reptiles are not diphyletic but polyphyletic. 

At about the time of Goodrich’s first paper a classification of early reptiles pub- 
lished by Watson (1917) gave promise of support for his ideas, for in it Watson 
divided the Cotylosauria into three orders :— the Seymouriamorpha, which he 
regarded as very primitive and are now generally held to be amphibia ; the Capto- 
rhinomorpha, which are universally acknowledged to be closely related to the mammal- 
like reptiles ; and the Diadectomorpha which are not, apparently, so related and can, 
therefore, be suspected of being related to other reptiles. 

In spite of the evidence of Osborn and Goodrich that the reptiles were diphyletic, 
considerable difficulties remained. Not only were certain small orders too poorly 
known for them to be referred to one or other subclass with any certainty (e.g.Progano- 
sauria, Protorosauria), but two, if not three, great orders remained isolated because 
their members showed considerable specializations and no intermediate forms were 
known which linked them firmly to more primitive orders. Thus both the Ichthyo- 
sauria and the Sauropterygia are greatly adapted aquatic animals which lack any clear 
indications of their ancestry, while the highly specialized Chelonia appear fully 
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developed in the Upper Trias. With regard to the latter Watson (1914c) had demon- 
strated that Hunotosawrus from the Permian appeared to link them to the Cotylosauria, 
but this form (and particularly its skull) is only poorly known, and some writers 
believe that the Chelonia show diapsid affinities (e.g. de Beer, 1937). In consequence 
not even Goodrich (1930) himself was later able to classify reptiles according to the 
views he had expounded. 

Meanwhile Williston (1917) had been unable to group the reptiles into fewer than 
four subclasses. Emphasizing skull structure, he separated the Cotylosauria and 
Chelonia as the Anapsida, recognized the Synapsida and Diapsida, and added a 
new subclass, the Parapsida, for the Proganosauria, Protorosauria, Ichthyosauria 
and Squamata. Later (1925) he removed the Sauropterygia from the Synapsida into 
a separate subclass, the Synaptosauria. Williston’s subclass Parapsida expressed his 
belief in the origin of lizards from a reptile with a single, upper, temporal vacuity, 
such as Araeoscelis, by emargination of the cheek region from below, but this view 
was denied by the discovery of Prolacerta and Pricea which demonstrated the diapsid 
origin of the group (Parrington, 1935 ;. Broom & Robinson, 1948). 

Subsequently Romer (1933, 1956) has adopted somewhat similar classifications, 
placing the Ichthyosauria and Sauropterygia in separate subclasses (the latter with the 
Protorosauria) but dividing the diapsid reptiles into two subclasses, the Lepidosauria 
and the Archosauria. 

In spite of the difficulties several writers have recently supported the view that 
the reptiles are essentially diphyletic. Westoll (1942a) called attention to the resem- 
blances of certain of the “‘ microsaur ” amphibia (the microbrachiids) to the captor- 
hinomorph cotylosaurs and, while he maintained that the seymouriamorphs, capto- 
rhinomorphs and diadectomorphs could be derived ultimately only from anthracosaur- 
like stegocephalians, he suggested that the differentiation of the primitive reptile 
stock might have taken place while they were technically still amphibia. Later (19426) 
he drew attention to the possibility of the cotylosaurs being related to the Microsauria 
and to the Ichthyostegalia rather than the anthracosaurs. 

The next attempt to classify the reptiles diphyletically was made by Olson who, 
in 1947, gave a revised account of the skull of Diadectes. This described for the first 
time a curious modification of the inner ear resulting in the fenestra ovalis being 
situated at the end of a long tube formed largely by the opisthotic and parasphenoid 
bones. Olson pointed out that this specialization closely resembled a similar develop- 
ment in Seymouria as described by White (1939) and, since he also believed that 
Diadectes retained an intertemporal bone, and that the pattern of the bones of the 
temporal region was very similar to that of Seymouria, he claimed that the two forms, 
and so their allies, must be closely related. Olson went on to argue that the Chelonia 
resembled the Diadectomorpha so closely that their common origin must be accepted, 
but at the same time he accepted Westoll’s suggestion that the Captorhinomorpha 
showed remarkable resemblances to the microbrachiid Microsauria. He therefore 
proposed that the class Reptilia be divided into the subclass Parareptilia, comprising 
the seymouriamorphs, the various diadectomorphs and the Chelonia, and the subclass 
Eureptilia comprising the captorhinomorphs and all other reptiles. It is noteworthy 
that this view relates the diapsid reptiles to the synapsid reptiles rather than the 
diadectomorphs, and also that the common ancestry of the two divisions of the 
amniotes is to be found only in the primitive embolomerous amphibia. The implica- 
tion of this interpretation is that those characters which are commonly believed to 
hold the Amniota together as a group (the amnion and allantois, gastrocentrous 
vertebrae, the metanephric kidney and ureter) were evolved independently in Chelonia 
and other reptiles. ; 

Olson’s comparison of the middle ears of Diadectes and Seymouria and his claim 
that they are related, are accepted by Watson (1954) who, however, denies the presence 
of the intertemporal bone in Diadectes. But the elongation of the perilymphatic duct 
in these two forms results in a shortening, and so presumably a lightening, of the 
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stapes and, particularly since a similar modification took place in the quite unrelated 
Dicynodontia, the possiblity of the modification being a result of convergent adaptation 
is real, and receives support from the fact that, with a partial exception in Nycti- 
phruretus, it does not occur in other diadectomorph reptiles. 

The most recent work on the subject has been that of Watson. In 1953 he discussed 
the evolution of the mammalian middle ear and claimed that the captorhinomorph 
cotylosaurs, and all synapsid reptiles except the most advanced theriodonts, lacked 
a tympanum, and that the organization of their middle ears was essentially different 
from that of modern reptiles. In 1954 he gave an account of the skulls of certain early 
diadectomorph and captorhinomorph cotylosaurs and claimed that the stapes and 
quadrate were so different in the two groups that they were diagnostic of the two 
fundamental divisions of the Amniota except, perhaps, in the, as yet unknown, 
earliest forms. Quite recently (1957) he has given an acount of Muillerosaurus, one of 
a series of small reptiles described by Broom (1938) and Broom & Robinson (1948a, 
1948b) who believed them to be related to the captorhinomorphs and, possibly, the 
diapsids and certain other reptiles. Watson, however, claims that they are members 
of Goodrich’s “ Sauropsida ”’, and quite unrelated to the Captorhinomorpha, and he 
has established a case to show that they may well have been ancestral to the diapsid 
reptiles. And, like Olson, he finds a common stem for the two great divisions of the 
Amniota only in the early labyrinthodonts. 

It will be seen from this account that the evidence which has been used to support 
the view that reptiles are essentially diphyletic has changed repeatedly since it was 
first advanced more than half a century ago; that the idea has repeatedly been 
opposed ; and that to-day it rests almost entirely on the interpretation of the middle 
ear of early reptiles and on the nature of the millerettids. 


The Middle Ear of Early Reptiles. 


Watson’s interpretation of reptilian middle ears starts from the character he used 
to classify the Cotylosauria in 1917. Here he defined the Diadectomorpha as cotylo- 
saurs with exaggerated, laterally placed otic notches, and the Captorhinomorpha 
as cotylosaurs without an otic notch, both orders differing from the Seymouriamorpha 
in having vertically placed quadrates. According to this interpretation the amphibian 
ancestor of reptiles had a dorsally placed otic notch and a sloping quadrate and the latter 
became vertical, the better to withstand vertical thrusts, in one of two ways. Hither 
the lower, articular, end moved forwards, allowing the tympanum to move downwards 
into an enlarged otic notch (Diadectomorpha), or the dorsal end moved backwards, 
obliterating the otic notch, and with this change the tympanum was lost (Capto- 
rhinomorpha). This interpretation was developed and has been maintained in a series 
of papers on cotylosaurs and on reptilian ears (Watson, 1914a and 6, 1919, 1951, 
1954), and has led to the belief that no tympanum was present in synapsid reptiles 
except in late theriodonts where the mammalian tympanum appeared, held by the 
angular with its reduced reflected lamina. This interpretation has been supported by 
the belief that the often massive stapes of such reptiles could not have functioned 
satisfactorily with the aid of a tympanum, and that they were, in fact, held rigidly. 
But the work of other palaeontologists is in contradiction with much that is claimed. 

A cynodont tympanum of the nature supposed by Watson (1951, 1953) is difficult 
to reconcile with other data. It is extensive and superficial and would need no external 
auditory meatus, yet it is universally agreed that the presence of such a structure is 
indicated by the hollowing of the back of the squamosal. Moreover a soft meatus 
housed in this structure must be supposed to have left it to reach the outer surface 
of the tympanum, making a connection with the mobile lower jaw, while the tympanic 
cavity must be supposed to have led from the inner surface of the tympanum back 
into what is, in some skulls, a continuous, well-formed, bony funnel in the squamosal 
and then medially to enclose the stapes (fig. 1). The alternative interpretation of such 
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animals is to suppose that a tympanum, if present, must have been situated both at 
the termination of the external auditory meatus and also at the lateral extremity of 
the stapes, and these two positions coincide to place the tympanum in a position 
which is essentially reptilian in being postquadrate (Parrington, 1949). This inter- 
pretation has the advantage of accounting for the appearance of an external auditory 
meatus in synapsid reptiles. The assumption of a postquadrate tympanum in primitive 
pelycosaurs suggests that the development of a meatus in such larger and more speci- 
alized forms as Dimetrodon resulted from the prolongation of a shallow meatus, conse- 
quent upon the increased size and the lowering of the quadrate far below its original 
position. Such an early appearance of the meatus would account for the hollowing at 
the back of the squamosal in therapsids generally, a hollowing which cannot reasonably 
be interpreted in terms of the jaw musculature (Parrington, 1955). Furthermore, 
this interpretation accounts for the various known stapedial processes in accordance 
with the broad interpretation of such processes advanced by Westoll (1943). Finally 
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Fig. 1.—The ear region of the cynodont Diademodon, drawn from a model, to show the two 
possible positions of the tympanum. R is the reptilian position at the distal end of the 
stapes and the termination of the osseous external auditory meatus (e.a.m.). M is the mam.- 
malian position, the tympanum being held by the angular and its reduced reflected lamina. 
D, dentary ; SQ, squamosal. 
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the doubts which have been expressed as to the possibility of large stapes, such as 
those found among pelycosaurs, being capable of functioning with the aid of a tym- 
panum, appear to have been resolved by the work of Hotton (1956 ; in press), while 
the suggestion that they were held rigidly is denied by the frequency with which they 
have been lost. 

It appears clear that the supposition of a postquadrate tympanum in synapsid 
reptiles generally must be held to be reasonable and to carry with it the assumption 
of such a tympanum having been present in their captorhinomorph ancestors. It 
would appear, therefore, that if in fact the captorhinomorph reptiles were descendants 
of anthracosaur or seymouriamorph amphibia, the tympanum was not obliterated 
with the loss of the otic notch but moved ventrally to a postquadrate position. But 
a consideration of the other groups of early amphibia suggests that this is not, in 
fact, what occurred. ; 

The tetrapod otic notch is generally accepted as having been derived from the 
fish spiracular cleft. It has been established in a range of early crossopterygian 
fishes that the spiracle opened at the anterior part of the contact between the squamosal 
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and the bone now usually identified as the tabular, and that the supratemporal may 
or may not enter into ine formation of the spiracular notch (Jarvik, 1944, 1948). 
Examination of Carboniferous and later labyrinthodonts shows that the otic notch is 
formed by the same two bones, the squamosal and tabular, again with the supra- 
temporal forming part of the border in some instances. Since the identification of the 
labyrinthodont otic notch as such has been established beyond reasonable doubt, the 
stapes having been found in position in many cases, and. being locked in position in 
those forms having the bone fused to the parafenestral crista, the only reasonable 
conclusion is that the typical labyrinthodont stapes occupied essentially the same 
position as the crossopterygian spiracle (fig. 2). 
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Fie. 2.—The skulls of Husthenopteron, a crossopterygian fish (after Jarvik) ; Ichthyostega, an 
Upper Devonian amphibian (after Jarvik) ; and Palaeogyrinus, a Carboniferous labyrin- 
thodont (after Watson). The otic notch of the labyrinthodont reaches the position of the 
fish spiracle (spr) at the back of the supratemporal (st); this region has been closed in 
the ichthyostegid by the suturing of the tabular (rT) and squamosal (sQ). 


Among modern amphibia only certain anurans have kept the tympanum and tym- 
panic cavity, and in these rapid metamorphosis obscures the manner of development 
of the middle ear. But it is known that in the development of reptiles and birds the 
spiracular slit is closed from below upwards leaving the epibranchial placode in a dorsal 
position which is held to mark the position of the fish spiracle, while the tympanic 
cavity arises as a diverticulum from the more ventral region of the gill pouch which 
expands and forms the tympanum where it becomes applied to the ectoderm (Good- 
rich, 1930). Since the tympanic cavity and tympanum develop ventrally to the 
relic of the fish spiracle, their more ventral origin can be expected, and in consequence 
an old interpretation of the tetrapod middle ear cavity as a derivative of the fish 
spiracle has been almost entirely abandoned. But the evidence against this view has 
been derived from a study of amniotes, while a reconsideration of the relevant ossi- 
fications in labyrinthodonts appears to support it, and so suggest the possibility that 


J.L.S.B. LVI] THE PROBLEM OF THE CLASSIFICATION OF REPTILES 105 


labyrinthodonts differ from the amniotes in at least the position of their tympanic 
cavities. The classification of the early “ stegocephalian ” amphibia is contentious, 
recent classifications tending to place the Upper Devonian Ichthyostegalia as allies 
of the labyrinthodonts and to group all remaining orders together as the Lepo- 
spondylia (Romer, 1947, 1950), the Phyllospondylia being regarded as larval laby- 
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i i i 1 f the spiracular cleft 
. 3.—Devonian and Carboniferous Stegocephalia showing the closure o 
le and absence of any conspicuous otic notches. Data from Jarvik, Watson and Steen. 


inthodonts (Romer, 1939). An examination of the otic regions of these other stego- 
ihalia aot: that while the phyllospondyls resemble the labyrinthodonts the others 
do not. 

5 The earliest recorded tetrapods, the Upper Devonian Ichthyostegalia, are known 
from two rather distinct types. In Ichthyostega and Ichthyostegopsis there is a distinct 
“ otic notch ” formed by the tabular and squamosal bones, but, unlike the condition 
in the labyrinthodonts, the notch is formed by the posterior parts of these bones and 
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anteriorly, in the region of the fish spiracle, they are joined together by a well formed 
suture (fig. 3). Such a notch may have been an otic notch, but in the absence of any 
information about the stapes, it is impossible to be sure that it is not, in fact, merely 
a relic of the fish spiracular cleft. Moreover in the allied Acanthostega (Jarvik, 1952), 
and in Otocratia from the Lower Carboniferous of Scotland (Watson, 1929) the whole 
of the fish spiracular cleft has been closed, the tabular joining the squamosal far 
posteriorly, and if any otic notch was present it was formed by the development of a 


Fie. 4.—Occipital views of the crossopterygian fi i 
; gian fish Husthenopteron B, the labyrinthodont ie 
bian Lydekkerina A, and the pelycosaurian reptile Dimetrodon ©, to ee the heen 
between the reptilian stapes (sta) and the fish hyomandibular (H). B derived from Jarvik 
Sere fee ai Price, EO, exoccipital ; 1p, interparietal ; Pr, pterygoid; Q quadrate : 
» quadratojugal ; sQ, squamosal; 1, tabular. f.m., fora: ac ‘ 
process ; par. pr, paroccipital process. : ee ge ee a 
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tabular horn in Acanthostega, or, possibly, it was formed posteriorly to the tabular 
bone in both cases. Clearly the condition in these Ichthyostegalia is very distinct 
from that in the labyrinthodonts proper. 

A general survey of the remaining groups of early (Carboniferous) amphibia shows 
that the condition of the posterior part of the skull is very variable, and that in only 
a few cases is there any evidence which can be interpreted as indicating an otic notch 
at all. Furthermore, where this exists it appears to indicate that the tympanum, 
if present, must have been behind the squamosal (fig. 3). 

The suggestion that the labyrinthodont and reptile middle ears may have been 
somewhat different in their manner of development finds support in the relations of 
the stapes for, as Suskin (1927) pointed out, the substantial, ventrally directed, bone 
of early reptiles more closely resembles the hyomandibular of early crossopterygian 
fishes than does the dorsally directed stapes known in labyrinthodonts (fig. 4), and 
the direct derivation of the reptilian condition from that of the fish, rather than from 
that of the labyrinthodont amphibian, would be relatively simple. 

A well known difference between amphibian and reptilian middle ear structures 
is found in the course of the chorda tympani, a branch of the facial nerve which in 
frogs is post-tympanic but which in all amniotes is pre-tympanic. Various attempts 
have been made to reconcile these differences (Goodrich, 1930), some writers even 
suggesting that the tympana of the two are not homologous structures, but an inter- 
pretation suggested by Westoll (1943) on palaeontological grounds, is of considerable 
interest in view of the variation found in skull structures of early amphibia. Westoll 
accepted Eaton’s equation of the opercular process of the fish hyomandibular with 
the extra-stapedial process of the tetrapod stapes, and supposed that the original 
tetrapod tympanum developed behind the squamosal, but moved dorsally in typical 
amphibia and ventrally in reptiles. The internal mandibular branch of the facial 
nerve, which becomes the chorda tympani and in the crossopterygian fish passes 
through the hyomandibular in a tunnel of some length, escaped ventrally to the critical 
process when the stapes migrates dorsally, but dorsally when, in reptiles, the stapes 
moves somewhat ventrally. The neutral position of the early tympanum suggested 
by this interpretation is in accordance with the evidence provided by non-labyrintho- 
dont amphibian skulls where the spiracular cleft has been closed and the only apparent 
position of an otic notch is behind the squamosal ; and it allows the reptilian stapes 
to be derived directly from one in much the same position as a fish hyomandibular. 

These conclusions suggest that the primitive reptile skull was one with little evidence 
of the spiracular cleft or of an otic notch (fig. 5) and so, except for the retention of 
dorsally situated interparietals and tabulars, might resemble that of the early capto- 
rhinomorph Limnoscelis. This is in accordance with Romer’s conclusions that Limno- 
scelis is the most primitive known reptile and is sufficiently generalized to be regarded 
as representing the common stem from which all lines of reptiles could have evolved. 
Furthermore, as Romer pointed out, the condition of the cheek in Diadectes with its 
exaggerated otic notch could easily be derived from that of such a reptile (Romer, 
1946). This interpretation would account for the upright quadrates of reptiles as a 
result of the shortening of the cheek region, a phenomenon of widespread occurrence 
in vertebrates ; it would account for the resemblance of the reptile stapes to the fish 
hyomandibular as a result of almost direct derivation; and it suggests that the 
typical high position of the labyrinthodont tympanum and stapes was a peculiarity 
developed within the group and not a condition ancestral to that of the Amniota. 


The Relationships of the Millerettids. 


In his account of Milleretta (Millerina) Broom (1938) pointed out certain resem- 
blances between it and Captorhinus, though he noted considerable differences in the 
occiputs ; and then, in an addendum, he emphasized likenesses to the more primitive 
captorhinomorphs Romeria and Protorothyris and the primitive pelycosaur Hothyris, 
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adding that “ the general agreement between Hothyris and M illerina is remarkable ”’. 
But his comparisons were brief and he interpreted the supratemporal and tabular 
bones together as the tabular. Watson (1957) compared. the Millerosauria and early 
“ theropsids ”’, noting a remarkable similarity in the sutures between the parietals and 
the frontals and prefrontals (fig. 6) and recognizing identical relations and manner 
of attachment between the parietal lappet and the supratemporal and squamosal 
bones holding, however, that the latter similarity was due to common inheritance 
from anthracosaur ancestors. But he claimed that the millerettid squamosal is in 
contrast to that of all “ theropsids ” in capping the quadrate while leaving it entirely 


CROSSOPTERYGIAN FISH 


Fie. 5.—Diagram of the suggested manner of evolution of the postorbital region of th 
skull by a shortening of the cheek region, the quadrate pendent more yee : thous 
of the spiracular cleft, except in the labyrinthodonts ; and the downward movement of 
the interparietals (black) and tabulars (stippled) on to the occiput in the captorhinomorphs 
In the labyrinthodont the region of the missing intertemporal is filled by an anterior 
growth of the supratemporal (cross hatched) and a posterior growth of the postfrontal ; 
in the amniotes by a lappet of the parietal. The massive hyomandibular bone of the fish 
is reduced in size and forms the stapes ; the tympanum develops in the region of the fish 
opercular and moves progressively forwards with the shortening of the cheek except in 


the labyrinthodont where it ; : 
sqamncnel re it moves up into the spiracular cleft. opr, opercular; se, 
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exposed posteriorly, and that the millerettid middle ear, with a tympanum situated 
below the supratemporal and behind the quadrate, was in contrast to the condition 


in “ theropsids ” which had, apparently, lost the tympanum, and he concluded that 
the millerettids were “ sauropsids ’’. 


— the captorhinomorph cotylosaurs Protorothyris A and Romeria Gy and the 

See, mca aitensis B, D o show the resemblances. Redrawn ca aon 
Postorbital stippled ; supratemporal black ; tabular cross-hatched 3 es me ee 
lined horizontally. ¥, frontal; 1p, interparietal; J, jugal ; L, lacrimal ; Re 1 > N, 
nasal; Pp, parietal; QJ, quadratojugal ; so, supraoccipital ; SQ, squamosal. 
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A comparison of the millerettids, as expounded by Broom and Watson, with the 
captorhinomorphs, reveals a remarkable series of resemblances which are in marked 
contrast to the condition found in diadectomorph cotylosaurs. The skulls of capto- 
rhinomorphs and millerettids are moderately elongate and narrow, with swollen 
prefrontals and only moderate, occasional, broadening posteriorly ; whereas those of 
the diadectomorphs are short antorbitally and are greatly broadened posteriorly. 
The dentitions of the captorhinomorphs and millerettids are unspecialized, consisting 
of simple conical teeth, but they have a tendency to enlarge anterior maxillary teeth 
to canine-like proportions. In the diadectomorphs the cheek teeth are normally 
greatly specialized and no caniniform teeth are known. 

The manner of formation of the cheek and temporal regions is identical in capto- 
rhinomorphs and millerettids; the jugal rises high behind the orbit ; the postorbital 
is a slender bone which passes backwards between the squamosal and parietal; the 
supratemporal is a slender bone which is often reduced ; and the fenestration of the 
millerettid skulls is identical with that of the most primitive pelycosaur derivatives 
of the captorhinomorphs. These characters are not found in diadectomorphs with very 
minor and unconvincing exceptions. In these forms the postorbital remains substantial 
abutting against the anterior face of the squamosal (as in more primitive tetrapods) 
and restricting the dorsal development of the jugal; the supratemporal is either 
substantial or has been lost entirely (according to interpretation), and no fenestration 
is known, unless Bolosaurus is in fact a diadectomorph when the unique fenestration is 
quite distinct from that of millerettids and synapsids. 

In nearly all respects the occiputs of typical captorhinomorphs and of millerettids 
are remarkably similar. The interparietals and tabulars are occipital, as are, to a slight 
extent, the supratemporals. With the exception of Captorhinus itself, the supra- 
occipital is broad in both groups, and the lateral extremity of the paroccipital process 
fails to meet the dermal bones except, perhaps, through a cap of cartilage. In two 
characters the quadrates of the millerettids resemble those of typical diadectomorphs 
rather than typical captorhinomorphs ; the articular condyle lies anterior to the basi- 
occipital condyle, and the dorsal development of the quadrate is exposed posteriorly. 

So far as they are known the palates of the millerettids resemble those of the capto- 
rhinomorphs, being essentially primitive, but, in one feature, the appearance of the 
basisphenoid-parasphenoid complex in ventral view, they are most remarkably alike. 
When these structures, as described by Broom and Watson in the millerettids and by 
Price (1935) and Olson (1951) in captorhinomorphs are compared, the similarities 
of the anteriorly directed basipterygoid processes of the basisphenoids, and the elon- 
gated basal plates of the parasphenoids with, typically, a median, posteriorly directed 
process partly underlying the basioccipital, are seen to be almost identical. No such 
close similarity can be found among diadectomorphs with the possible but doubtful 
exceptions of the disputable form Bolosaurus and the procolophonids Nycteroleter 
and Owenetta. 

_ When the cranial characters of the millerettids are compared with those of capto- 
rhinomorphs and diadectomorphs the resemblances to the former are numerous and 
striking (see Table 1) and the occasional partial likenesses to the latter, when examined 
in detail, are quite unconvincing. Some of the resemblances are not characters on 
which, by themselves, much weight would be placed by experienced taxonomists (e.g. 
the dentitions), but taken together the resemblances are such as to show beyond 
reasonable doubt that, unless good reasons to the contrary can be found elsewhere, 
the origin of the millerettids must be expected to lie among, or close to, the Capto- 
rhinomorpha. 

The posteranial skeleton of Millerosaurus is essentially that of a primitive reptile 
of small size and slender build, and its generalized condition does little to help in 
deciding its relationships. Only one character is of particular interest. The single 
coracoid of M ilerosaurus resembles that of the diapsid, and certain other, reptiles 
and contrasts with the two coracoids of captorhinomorphs. But it also contrasts 
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with the double coracoids of pareiasaur and procolophonid diadectomorphs, and the 
problem of the evolution of the double and single conditions in reptiles remains 
unsolved. The single coracoid gives no indication of the animal’s origin, and, in fact, 
serves only to lend support to Watson’s claim that the diapsids were derivatives of 
the millerettids. 

It seems quite clear, therefore, that only the structure of the middle ear and, 
possibly, the position of the inner ear, can be used to support a claim to relationships 
between the millerettids and the diadectomorphs, and that if this fails the evidence 
is overwhelmingly in favour of captorhinomorph affinities. 

The outstanding characters in which the middle ear region of the millerettids 
resembles that of diadectomorphs are the anterior position of the quadrate and the 
exposure of the dorsal component of the bone posteriorly.. The forward movement of 
the quadrate is a very common modification in vertebrates. It occurs in the Dipnoi 
and the crossopterygians ; it is almost universal in the amphibia ; and itis found in 
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‘de range of reptiles including the therapsids and Icthyosauria as well as the diap- 
aces: it ese present the primitive form Youngina). Moreover Watson's 
(1954) restoration of the skull of the primitive captorhinid Protorothyris shows that 
it was present to some degree in that form, and it would appear plain that such a 
modification could occur easily in other captorhinomorphs, and in their descendants, 
and is not one on which much weight can be placed. ; 

The exposure of the dorsal component of the quadrate by a separation of the 
squamosal from the quadrate ramus of the pterygoid is characteristic of nearly all 
diadectomorphs, being found in Diadectes, the pareiasaurs, and, apparently, the pro- 
colophonid Nyctiphruretus. But it has not occurred in the procolophonids ycteroleter 
and Procolophon (unless the condition of the squamosal in these forms can be inter- 
preted as secondary) and would appear likely, therefore, to have been achieved inde- 
pendently within this group. And the extreme specializations of Diadectes, with the 
head of the quadrate attached to the pro-otic in a unique manner, suggest that it is 


Fic. 7.—The quadrate of Captorhinus. A hind view, B median view, and C in position, x 2. IP, 
interparietal; pT, pterygoid; Q, quadrate; QJ, quadratojugal; sq, squamosal. J. cond. 
lateral condyle; m.cond. medium condyle; p.pr, paroccipital process ; pt.fac, pterygoid 
facet ; qj.fac, quadratojugal facet; sta. gr, stapedial groove ; sq.fac, squamosal facet. 


not closely related to other diadectomorphs, and that here too the posterior exposure 
of the quadrate may well have been achieved independently. Furthermore, an 
examination of the quadrate region of the captorhinomorphs shows that the condition 
is such as to have allowed the derivation of the millerettid condition quite simply. 
Only in Captorhinus itself are the structures and relations of the quadrate known 
in detail, the condition in such earlier and less specialized forms as Protorothyris 
being uncertain. The quadrate of Captorhinus consists of a condylar region, with 
two poorly differentiated condyles; and a dorsally and slightly medianly directed 
sheet of bone which arises from above the inner condyle (fig. 7). Posteriorly the dorsal 
sheet of bone forms a thickened and roughened edge which was attached to the inner 
surface of the occipital wing of the squamosal, and anteroventrally there is an extensive 
facet for the attachment of the quadrate ramus of the pterygoid. This condition is not 
unlike that found in early amphibia, but the pterygoid has lost its attachment to the 
squamosal, exposing the quadrate somewhat in occipital view. The arrangement found 
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in millerettids could be derived from this condition quite simply by a further reduction 
of the occipital wing of the squamosal except in the region where it supports the dorsal 
extremity of the quadrate, together with a shallowing of the quadrate ramus of the 
pterygoid. Furthermore there is a roughening of the median face of the uppermost 
part of the dorsal sheet which suggests that, as in the millerettids, the squamosal 
actually enclosed the tip of the quadrate medianly (cf. Watson 1954, fig. 15). It 
appears plain that the condition of the quadrate and its manner of attachment in 
captorhinomorphs cannot be considered to debar these forms from possible ancestry 
of the milleretitids. 

The millerettid stapes is now well known, having been described by Watson very 
fully in Millerosaurus nuffieldi. Here it is a stout bone, perforated for the stapedial 
artery, and having three distal processes. There is a dorsal process for attachment 
to the paroccipital process, an anteriorly directed processus internus for attachment 
to the quadrate, and a process which is directed outwardly and slightly ventrally. 
Watson interpreted this latter process is one for the attachment of the hyoid, and 
supposed that a cartilaginous extrastapes as present on the roughened distal end of 
the stapes, but since the hyoid attachment is usually lost in adult reptiles, it would 
appear simpler to interpret the ossified process as the extrastapes and the roughened 
area as indicating the hyoidean attachment. 

The stout form of the stapes results partly from the small size of the animal which 
causes the brain case to bulk large in proportion to the size of the skull and so cause 
the middle ear region to lie close to the quadrate (Watson, 1931). All three stapedial 
processes are recognizable, each having been recorded in Captorhinus itself if the later- 
ally directed process may be equated with the boss on the distal end of the bone of 
that animal (Parrington, 1946). Moreover, whether Watson’s hyoidean process or his 
hypothetical cartilaginous tympanic process be accepted as the extrastapes, the 
attachment of the stapes to the tympanum was behind the lower half of the quadrate, 
a ventral position which is in accordance with the presumed low, postquadrate 
position of the tympanum in captorhinomorphs, but denies any suggestion that in 
the “ Sauropsida ” the attachment of the stapes to the tympanum was in a high 
position (Watson, 1954). 

There remains only the question of the position of the middle ear for, as Watson 
pointed out, in synapsids in general the fenestra ovalis lies largely or entirely below 
the level of the base of the brain, while in other reptiles it lies at the side of the brain 
case. Unfortunately little evidence is yet available concerning the level of the inner 
ear itself and no explanation of the position of the fenestra ovalis has yet been 
advanced. But it would seem possible that the position of the fenestra ovalis in 
captorhinids and synapsids is concerned with the dropping of the quadrate to a level 
far below that of the basioccipital condyle, for this modification has taken place in 
the primitive captorhinid Protorothyris, and is commonly present among pelycosaurs, 
and as a result the ventrally directed fenestra ovalis faces the lower part of the 
quadrate, so allowing the stapes to consist of a more or less straight rod leading 
directly to the position in which a tympanum can be assumed to have existed. This 
interpretation would imply that the relatively high position of the fenestra in milleret- 
tids and diapsids may be secondary. ; 

It is concluded that the structures concerned with the ear in captorhinomorph 
reptiles are, so far as they are known, well suited to give rise to those recorded in the 
millerettids and, therefore, that the numerous and often close similarities elsewhere 
portray true relationships between the two groups. And, because Watson has shown 
that the millerettids resemble the earliest diapsid reptiles in many characters, and 
are well suited to be their ancestors, it must be concluded that the diapsid reptiles, 
like the synapsid reptiles, were derived from the captorhinomorph cotylosaurs. 
Neither the structure of the foot nor the circulatory systems deny this conclusion. 
Schaeffer (1941) has studied the morphological and functional evolution of the tarsus 
of reptiles and concluded that “ The captorhinomorph tarsus is without question at 
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least the structural ancestor of the eosuchian tarsus.” And von Hofsten’s criticisms 
of Goodrich’s account of the reptile circulatory system support rather than deny 
his conclusion that the primitive amniotes, including the captorhinomorphs, must 
be presumed to have had a symmetrical arterial system, proper to an amphibian, 
and so capable of giving rise to those found in modern reptiles, birds and mamuials. 

But this conclusion does nothing to solve the problems of the origins of the Chelonia, 
the Sauropterygia and the Ichthyosauria. As Gregory (1946) has shown, the pareia- 
saurs have so much in common with the Chelonia that they may well represent the 
cotylosaur ancestors required by Watson’s (1914) interpretation of Hunotosaurus. 
Nevertheless only the discovery of one or more forms clearly intermediate between 
the two groups will allow confidence to be placed in this, or any other, view. And in 
the case of the aquatic orders, great structural gaps are found when any attempt is 
made to show alliances, and neither order shows clear indications of relationships 
to either the synapsids or the diapsids. Judged from the evidence available to-day, 
therefore, the dichotomy of the amniotes amounts to no more than the development 
from primitive, captorhinomorph stock of two dominant lines of reptiles, the Synap- 
sida and the Diapsida, leading to the mammals and birds respectively. 
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THE VERSATILITY OF HEREDITY 


By G. Pontszcorvo, F.R.S. 
(Professor of Genetics in the University of Glasgow.) 
Introduction. 


According to the Oxford dictionary, heredity is the tendency of like to beget like. 
It is, of course, one of the most general features of living things. At the time of the 
Darwin-Wallace paper there was practically no knowledge of the processes underlying 
it. 

In respect of one of these processes—chromosomal heredity in sexual reproduction 
—this knowledge has become very substantial in the first 30 years of the present 
century. In fact, it has become so precise that it permits the use of deductive-inductive 
approaches to a much greater extent than in any other field of biology. 

However, heredity in sexual reproduction is only one kind of heredity; an 
important one, to be sure, but not the most important. Heredity is in operation every 
time that a cell divides and produces two of its own kind, and, more generally, every 
time that a biological system is replicated. 

The biological system which is replicated—and therefore shows “heredity ” 
at work—need not be multicellular or even unicellular : there are subcellular systems 
(e.g. chromosomes, viruses) which show heredity. Clearly, it is necessary to introduce 
here some definitions before proceeding. 

A biological system—be it multicellular, unicellular or subcellular—is defined as 
self-replicating when it plays an indispensable and specific part in its own replication ; 
in other words, it cannot be made except from a pre-existing one, or, to use contem- 
porary jargon, it carries essential “information ” for its own replication. 

A property of self-replicating systems, found in every case in which it has been 
looked for, is the following. The system is capable of abrupt changes, usually in many 
different ways, such that the changed systems are self-replicating in the changed 
forms. Changes which lead to a self-replicating changed system are called 
“ mutations ”’. 

In plain language self-replication is called heredity. 


Recombination. 


Certain processes of heredity—outstanding among them that of heredity in sexual 
reproduction—have a consequence of enormous biological interest : genetic recom- 
bination. That is, they lead to the combination and reassortment in one self-replicating 
system of information derived from two or more distinct others. 

Up to about 1945—apart from Pnewmococcus transformation (see below)—sexual 
reproduction was the only process known to lead to genetic recombination. But 
perhaps this is too rigid a statement. Stretching the definition of genetic recombination 
a little, certain types of virus infection, transmissible through the gametes in higher 
organisms, or perpetuated in a cell lineage, could qualify as processes of genetic 
recombination. 

Since 1945 it has become firmly established that sexual reproduction is not the 
only process leading to genetic recombination. This has been the most salutary 
contribution to biological thought of the development of microbial genetics. The object 
of the present paper is precisely to discuss this discovery and its implications. 

The novel systems of recombination discovered, or clarified, in the last 12 years 
are all in micro-organisms and they number at least five : 


(1) recombination in viruses (foremost bacteriophage) ; 

(2) transformation in Pneumococcus, Hemophilus and Escherichia coli : 
(3) conjugation in Escherichia coli ; 
i. transduction in Salmonella and L. coli; 


the parasexual cycle in fungi. 
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Genetic Information. 


Before describing and classifying these novel systems, we have to consider of 
what a system of recombination consists. 

First, there is the code, or blue-print, carrying the information for self-reproduction. 
Where we know something about this code—i.e. in chromosomes, viruses and trans- 
forming principles—it seems to consist of a non-repetitive (‘‘ aperiodic ’’) linear 
structure in which the items of information are singularities arising from particular 
sequences, arrangements or configurations along the structure. 

Whether the singularities are surface configurations at supra-molecular levels, as 
Schmitt and Kacser suggest, or particular sequences of nucleotides of four kinds in a 
polynucleotide chain, as Watson & Crick suggest, is not essential for our discussion. 

What is essential is what has emerged in the last seven years from genetic analysis 
of the fine structure of phage particles and of minute chromosome regions. That is, 
the discreteness of the singularities—the genes of classical genetics—need not be, and 
probably is not, structural ; it is a functional discreteness. 

For instance, consider a hypothetical model of a continuous sequence of nucleotides 
with the succession of nucleotide triplets (each triplet specific for a particular amino- 
acid) determining the sequence of aminoacid residues in a polypeptide chain. About 
1000 such nucleotides would determine the sequence of some 300 aminoacid residues 
in a protein, and the following 1000 in another protein. The two singularities (each 
determining one protein) need not result from any discontinuity in the polynucleotide 
chain. An actual separation between the two parts of the sequence, each specific 
for one protein, may not even be necessary. But if it were necessary, it could easily 
be achieved by interposing a “nonsense” sequence of a few nucleotides, i.e. a 
sequence incapable of specifying any aminoacid. 

All this is, of course, speculation of a very thought-provoking type, for which we 
are mainly indebted to Watson, Crick and their colleagues. 

The exciting fact is that we have plenty of evidence of a linear sequence of singu- 
larities—the genes—in the code: the whole of classic genetics speaks for it. To this 
we can now add that there is no evidence of a different kind of linear bond between 
the elements of one gene and those of two genes. Recombination analysis of the last 
seven years suggests a qualitatively continuous genetic structure for metazoa (Droso- 
phila), lower plants (Aspergillus), bacteria (Salmonella, E. coli) and bacteriophage. 

Differences in the code, still compatible with the self-replication of the systems 
are those which we recognize in heredity. 


Transmission of Genetic Information. 


We can now consider how the code is transmitted. We need not consider ordinary 
cell division in which the code is duplicated and each daughter cell inherits one copy. 
We shall consider only cases in which the code, or part of it, is transmitted from or 
exchanged between, one cell lineage and another one. 

In sexual reproduction this is achieved by fertilization, ie. a complete code 
(essentially a haploid chromosome set, or “ genome ’’) from one cell lineage combines 
with a complete code from another cell lineage. In species with an extended diploid 
phase, the two codes are replicated side by side for innumerable cell generations 
without exchanging items of information in which they may differ, except as the 
consequence of rather rare events of mitotic recombination and segregation (see 
further on). ; ak 

In sexual reproduction the reassortment of the two codes is achieved at meiosis. 
From the two codes four complete ones arise but each is made up of a reassortment 
of homologous parts of those two, which are replicated in the process. 

A regular alternation of fertilization, or better karyogamy, and meiosis defines 
sexualreproduction. When it goes with an extended diploid stage, sexual reproduction 
achieves two vital functions: storage of variation and recombination. 
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Storage of variation is the consequence of “ dominance ”’, i.e. if the two codes in 

one cell lineage differ in one (or more) items of information, so that there are two 
alternative messages, the cell responds to only one of them, referred to as “dominant”. 
This is a way of saying that in respect of a large number of items diploid cell lineages 
may be differently heterozygous and yet show no corresponding differences in pheno- 
types. 
Dont bine is the consequence of certain features of meiosis, i.e. crossing-over 
and random reassortment of non-homologous chromosomes. Fertilization, storage of 
variation in heterozygotes and recombination together make it possible for individuals 
of an interbreeding group to share a common heritage, to draw from a common pool 
of genetic information. 

We shall consider now in which ways the novel systems of genetic recombination 
discovered in recent years differ from sexual reproduction in any one or more of three 
respects. First, in the way genetic information is transmitted fom one lineage to 
another one; second, in the way in which the genetic information received is incor- 
porated and stored with that of the recipient, and third, in the way in which the 
genetic informations of donor and recipient are recombined. 

As to the transmission of the genetic information, the most striking feature of 
most of the novel systems of recombination is the following. In sexual reproduction 
a complete code (“ genome ”’) passes from one cell lineage to another one ; in four out 
of five of the novel systems only parts of the code go over in each act of transmission. 
These parts may range from rather small portions of the total genome, e.g. in phage 
mediated transduction, to almost all of it in a small proportion of the acts of conjuga- 
tion in Hscherichia coli. 

The very acceptable term “‘ merozygote’’ has been suggested by Wollman, Jacob 
& Hayes for the entity resulting from transmission of only part of the code. The 
product of complete transmission—as in sexual reproduction and in the “ parasexual 
cycle ” in fungi (see below)—can be called “ holozygote ”’. 

Merozygotic processes of transmission are the “ transformations ” in Pnewmococcus 
and Hemophilus in which only a fragment of the desoxyribonucleic acid of a donor 
cell enters a recipient cell. How big, or small, this fragment is, is not yet known. 
The recent development by Chargaff and his colleagues of a technique for transforma- 
tion in Escherichia coli should soon permit this to be found out. Escherichia colt 
is the only bacterium in which extensive genetic maps based on conjugation (see 
below) are available. It will be interesting to know how big a fraction of the map 
can be covered by a single transforming fragment. 

Another merozygotic process is that based on conjugation in Escherichia colt. 
Its discovery by Lederberg & Tatum in 1946 is probably the most outstanding feat 
so far in microbial genetics. It was at first supposed to consist, like fertilization in 
higher organisms, of the fusion of two cells. The brilliant work of Wollman & Jacob 
has shown that it is, instead, of the nature of a polarized entry into a recipient cell of 
part or all of the (single) chromosome of a donor cell. 

This entry can be interrupted, either artificially by mechanical agitation or 
naturally by unknown events, at any time after its inception. Hence, the resulting 
merozygote carries a portion of the donor’s chromosome which is of length proportional 
to the length of time for which conjugation lasted. Because of the polarized entry of 
this chromosome, the genes along it enter the recipient cell in a queue and their 
positions can be deduced from their time of entry. This novel way of “ mapping ” 
chromosomes has permitted Jacob & Wollman to go further. They have measured 
the number of phosphorus atoms between one gene and another one by using a 22P- 
labelled donor chromosome. 

A third merozygotic process is that of bacteriophage-mediated transduction in 
Salmonella and Escherichia coli, discovered by Zinder & Lederberg. In this process 
a arene 2 ee a ee as a consequence of lysis due to the maturation 

phage. acteriophage particle can carry any one of these fragments 
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into a recipient cell. If the bacteriophage enters into symbiotic relations (“ lyso ‘ 
with the recipient cell, the fragment of bacterial ane it carried may a Hee 
by the recipient cell and replicated. 

The use of this technique has permitted Demerec and his group, and Morse and 
the Lederbergs, to carry out genetic analysis to an extraordinary degree of refinement 
in Salmonella and Escherichia coli, respectively. 

In the genetic processes of recombination in viruses, and particularly in bacterio- 

phages, the nature of the stage comparable to a zygote is not known. However, 
the work of Hershey & Chase and that of Levinthal suggests that only part of both 
parental genomes is present in the particles from which recombinants originate. 
If this interpretation is correct, the system of zygote formation in bacteriophage 
would be classified as merozygotic. 
_ Among the novel systems of recombinations the only one which is not merozygotic 
is the parasexual cycle discovered by Pontecorvo & Roper in fungi. Here haploid 
nuclei pool their whole genomes to give a diploid “ holozygote ”’: the origin of the 
holozygote differs only in non-essential details from that of a holozygote produced in 
an ordinary sexual cycle. The real difference between the parasexual cycle and the 
sexual cycle does not lie in the mode of formation of the zygote. As will be seen, it 
lies in the way the information from the two nuclei that fused is recombined and 
sorted out again. 


Storage and Sheltering of Genetic Information. 

This is an aspect of the novel systems of recombination which is still very poorly 
understood. We have no idea, for instance, of what processes operate in this respect 
in viruses and bacteria. 

In the parasexual cyle in filamentous fungi this knowledge is beginning to take 
shape. We know, for instance, that genetic information can be stored in two ways. 
One is the same as in sexual reproduction in higher organisms with an extended diploid 
stage, i.e. heterozygosis. The other, which does not occur in higher organisms, is hetero- 
karyosis, i.e. the coexistence in multinucleate cells of nuclei of more than one genotype. 

An old preconceived idea was that asexual filamentous fungi did very well with an 
exclusively vegetative haploid life-cycle, with no provision for recombination and for 
storing and sheltering of gene variation. It was supposed that because of their short 
generation time, and of their haploid nuclei exposed to immediate selection, mutation 
alone in a clonal system of reproduction was all that they needed for evolutionary 
adaptation. 

The real situation has turned out to be quite different. The few asexual filamentous 
fungi which have been investigated have, just as higher organisms, devices for the 
storage and sheltering of gene variation and for recombination. In fact, in respect 
of storage and sheltering of variation they are better off than higher organisms : 
they have two ways of doing it instead of only one. 

As to the other novel systems, one point is worth keeping in mind, i.e. that in 
colonial organisms a good deal of intercellular complementarity operates. The most 
obvious example of it is syntrophism between cells with different nutritional require- 
ments. But the microbiological literature is full of examples of all kinds of interactions 
between cells, some very subtle, which permit the survival for many cell generations 
of cells which, by themselves, would be ruthlessly eliminated. 

In bacteria and viruses systems of sheltering of gene variation based on something 
like diploid heterozygosis or haploid heterokaryosis may well play only a small role. 
On the other hand, the scope of intercellular or inter-particle interactions is probably 
quite large, and it may be profitable to probe in this direction. 


Recombining and Sorting out of Genetic Information. 
Once the information of one cell lineage has been transmitted to another one via 
a merozygotic or a holozygotic process, the two informations can be carried on in 
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duplex condition for a definite or indefinite, large or small number of replications. 
Ultimately, however, the simplex condition must be restored in order that the whole 
process may be repeatable. 

This process of reduction from duplex to simplex is, of course, one of the result of 
meiosis in organisms with a standard sexual cycle. 

But there is more. In meiosis reduction inescapably entails one kind of recom- 
bination between corresponding parts of the information from each parental code : 
i.e. recombination between members of non-homologous chromosome pairs. It 
also entails usually recombination between fractions of the parental codes smaller 
than whole chromosomes, i.e. recombination of non-homologous segments of homo- 
logous chromosomes : this intra-chromosome recombination is the result of crossing- 
over. 

Thus in meiosis reduction and recombination are co-ordinated, in fact they are 
parts of one process. 

This is by no means so in at least one of the novel systems of recombination, 
the parasexual cycle in fungi. In this system, reduction to the simplex condition 
(“ haploidization ”) and recombination of whole non-homologous chromosomes are, 
as in meiosis, the twin results of one and the same process. But intra-chromosome 
recombination—the consequence of mitotic crossing-over—is not co-ordinated at all 
with that process. What happens is that in a small proportion of diploid nuclei in 
a clone haploidization takes place ; in another small proportion mitotic crossing-over 
takes place. The coincidence of both in one nucleus or in one cell lineage is no more than 
accidental. 

In the other four novel systems of recombination—recombination in viruses, and 
transformation, transduction and conjugation in bacteria—it looks as if the genetic 
information were based on a single linear code: by analogy, a single “‘ chromosome ”’. 
However, because of the techniques used for the analysis of recombination in these 
systems, it is not yet clear whether or not reduction and (intra-chromosomal) re- 
combination are inescapably linked as in meiosis, or independent events as in the 
parasexual cycle in fungi. 


Classification of the Systems of Recombination. 


The rudimentary knowledge available on the details of the novel systems of 
recombination makes generalization hazardous. Nevertheless, the discussion in the 
preceding sections permits an attempt to classify the kinds of system which are 
conceivable. 

Clearly, there are two aspects of a system of recombination which have to be 
considered : one concerns the mode of formation of the zygote, which can be, as we have 
seen, merozygotic or holozygotic; the other concerns the modes of reduction and 
recombination (intra-chromosome) which can be co-ordinated or not. 


We have, therefore, a two-by-two series of relations : 


Mode of formation of 


the ‘‘ zygote” 
eS 
Holozygotic Merozygotic 
Mode of Co-ordinated . ‘ 1 2 
recombination 
and reduction | ane ; ‘ 3 4 


Sexual reproduction as it occurs in higher organisms, in certain fungi, unicellular 
Algae, Protozoa etc., falls into Class 1: holozygotic, with reduction and intra- 
chromosome recombination co-ordinated (meiosis). The parasexual cycle in fungi falls 


into class 3 : holozygotic, with reduction and recombination unco-ordinated (haploidi- 
zation and mitotic crossing-over). 
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Transduction and transformation in bacteria, are merozygotic. In fact, Lederberg 
originally coined the term transduction for the transmission of a genetic fragment 
l.e. what we now call a merozygotic process. This definition included, of course, 
transformation as in Pnewmococcus and, now that more is known about it, it would 
include conjugation in Escherichia coli. The term transduction, however, has been 
generally used in a more restricted sense : virus-mediated transmission of a genetic 
fragment. Whether transduction and transformation belong to class 2 or to class 4 
cannot yet be decided. 

The system which involves conjugation in Escherichia coli is usually merozygotic, 
but in a proportion of cases it may be holozygotic : ie. when the whole chromosome 
of the donor succeeds in being incorporated. Again, it cannot yet be stated whether 
in this system reduction and recombination are co-ordinated or not. 

In bacteriophage “ mating ” is probably merozygotic and recombination is 
probably co-ordinated with reduction. The phage system, thus, would fall into class 2. 


Conclusions. 


Many basic biological questions arise from the discovery of the five novel systems 
of recombination enumerated here. One will be singled out for speculation. Do any of 
those systems, in whole or part, occur regularly or as an exception in higher forms? 

The answer is already available in respect of the parasexual cycle in fungi. This 
occurs side by side with the sexual cycle in some species of fungi, and replaces the latter 
in others. One of the processes on which it is based—mitotic crossing-over—occurs in 
a metazoon, Drosophila, in which it was discovered and analysed by Stern 20 years 
ago. 

Reports of the occurrence of crossing-over and segregation in somatic cells of higher 
organisms including man have appeared sporadically in the literature. Of course, 
somatic mosaic patches of recessive phenotype can occur in diploid heterozygotes 
as a consequence of a number of processes. Somatic crossing-over is only one of them : 
mutation, abnormal distribution of chromosomes, etc., can all produce the same 
phenotypic effects. It is, however, a fact that mosaic patches are rare in higher 
organisms. They would be most inconvenient and natural selection has seen to it 
that they do not occur abundantly. 

In the evolution of the extended diploid condition segregation in somatic cells must 
have been strictly controlled. A corollary to this, as I suggested some years ago,is that 
in organisms not used to be diploid, i.e. without an extended diploid stage, somatic 
segregation should occur readily if given the chance. This is precisely what happens 
in fungi when we make diploid their (usually haploid) vegetative nuclei. 

We can go further and conceive of exchanges (be they by a process of breakage and 
reunion or by one of copying-choice) as a necessary concomitant of the replication of 
the genetic code. We can also conceive that replication requires the pairing of two 
homologous structures, as Stent has suggested with a detailed model. 

This requirement for pairing would raise difficulties with haploid organisms unless 
the elementary code were itself a double structure. Electron microscopy seems to 
lend support to this possibility. Ris showed that in deproteinized chromosomes the 
smallest unit discernible is a fibre about 40 A thick made up of two fibrils: the 
juxtaposition of two homologous structures seems to be there ready made. 

The next step in these speculations is to assume that the pairing, necessary for 
the replication of one elementary fibre and provided by its two fibrils, may be provided 
occasionally in diploid organisms by pairing between fibrils of two homologous 
fibres. 

These speculations view the elementary process underlying exchanges as very 
primitive, perhaps as primitive as self-replication of a linear genetic code. In the 
course of evolution this process has come to be used for recombination in heredity. 
But recombination had to be suppressed in the soma as evolution of an extended 
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diploid stage progressed. The only cells in which it had not to be suppressed were the 
gonia. It should not be impossible, thus, to provide experimental conditions which 
remove what blocks recombination in somatic cells. 

In conclusion, the study of recombination in somatic cells is likely to throw some 
light on the evolution of heredity. It is also likely to provide by-passes to the long 
generation time of slow-breeding organisms like man. 

In lower organisms formal genetic analysis and map construction has already 
been performed by Pontecorvo & Kafer by using mitotic, instead of meiotic, recom- 
bination. If there is any basis for the above speculations, the way is open to formal 
genetic analysis in man based on mitotic recombination in tissue cultures. 
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FOSSIL PLANTS AND EVOLUTION 


By H: Hamsuaw Tuomas, F.R.S. 
Introduction. 


The geological record of plant life on the earth as known to Darwin and Wallace 
provided no support to the theory of Evolution. It showed plant remains in the 
Tertiary and Upper Cretaceous rocks which could be closely matched with living 
genera of flowering plants and conifers: the fossil vegetation of the Mesozoic period 
appeared to consist only of ferns, cycads and conifers ; while in the Carboniferous 
period the earth was thought to have been clothed with plants referable to the vascular 
cryptogams. Very little was known of the structure and reproduction of any fossil 
forms, most of which were referred to living groups on some similarity of external 
appearance. 

The publication of the Origin of Species, and the discovery in certain coal seams of 
well-preserved petrified plant remains, gave a great impetus to palaeobotany in Britain 
and its study was taken up by several eminent botanists led by W. C. Williamson. 
The work of D. H. Scott, R. Kidston, A. C. Seward and F. W. Oliver provided a 
mass of information which was much more reliable than that previously available. 
At the opening of this century Oliver and Scott showed that many of the fossils 
previously regarded as the remains of ferns were in fact gymnosperms with complex 
ovules and tassels of pollen-bearing sporangia. 

In 1909 D. H. Scott, then President of the Linnean Society, surveyed the bearing 
of contemporary knowledge on the doctrine of Evolution. He expressed the view 
that the records of plant history suggested a connection between some of the main 
groups of living forms, but that they provided little evidence of the derivation of one 
Species or genus from another. Since then our knowledge of the plants of past ages 
has increased enormously, both by the discovery of forms not previously known 
and by the investigation of the structure and reproduction of types only known 
previously from leaf impressions. A successful search for plant remains in the Upper 
Silurian and Devonian rocks produced examples of great evolutionary significance. 
The discovery of petrified remains in the Coal Measures of North America has enriched 
our knowledge by some 150 species (Andrews, 1951). Large collections have been 
made of Mesozoic plants in various parts of the world, which have given a new view of 
the vegetation of this period, and the study of Tertiary and Quaternary remains have 
shown the changes which took place in plant life at a comparatively recent date. 

Research has been greatly assisted by the introduction of new technical methods 
for the microscopical examination of fossil plants. Nathorst and his pupils improved 
the old method of macerating carbonized remains, and showed their great value 
in the study of Mesozoic plants. The discovery and perfection by Prof. Walton of 
a way of preparing thin sections of petrified material by the peel method gave consider- 
able impetus to the study of such remains. It placed the production of series of thin 
sections within the easy reach of almost any worker. 

We know so much more about the plants of the past than our predecessors that it 
may be useful to consider the bearing of our present knowledge on the theory of 
svolution. 


Changes in the World’s Vegetation. 


An important argument for the theory of evolution was based on the evidence 
rom the geological record which showed that many species formerly living in the 
world had become extinct while other new species, genera or classes had made their 
yppearance. It was held by some that the plant record did not show this with any 
ertainty. Many genera of flowering plants can be traced back to the Upper Cretaceous, 
while the living species of Ginkgo, Taxus and Marattia are very similar to forms 
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of these genera found in Mesozoic rocks. But there can now be no doubt that since 
Devonian times there have been a series of complete changes in the plant covering of 
the earth. : ; ; 

Darwin (1888) thought that “ the geological record, at all times imperfect, does 
not extend far enough back to show with unmistakable clearness that within the known 
history of the world organisation has largely advanced”. Fifty years ago Scott 
(1909) considered that this statement was still true. But the discovery of fossil plants 
in the Silurian and Lower Devonian rocks has greatly changed the outlook. In these 
forms we have unmistakable evidence of the existence of plants with little external 
differentiation and with a simple anatomical structure ; there were no fully differen- 
tiated leaves, and the simple sporangia terminated the main axes or side branches. 
It has been suggested that the simplicity of some of these forms was due to reduction, 
but in view of the number of different genera now known, this is unlikely. 

After Kidston & Lang published in 1917 their remarkable description of the Rhynie 
plants it seemed that the Psilophytales might well be the ancestors of all the higher 
plants, especially when this was followed by further discoveries of somewhat similar 
simple types. But these forms are probably not members of a single group of closely 
related types ; they should be regarded (Leclercq, 1954) as representatives of several 
phyletic lines from which later groups of the Pteridophyta developed. Although 
showing differences in form and anatomical structure all these types display an unmis- 
takably primitive organization which suggests their origin from algal ancestors. 

It is worth noting that these early land plants are accompanied by the remains 
of thallophytic forms, which exhibit considerable size and complexity but show no 
trace of the differentiation of xylem, the characteristic feature of land plants. The 
long known trunks composed of tubular elements and called by the inappropriate 
name of Prototaxites have now been found in several parts of the world and in some 
places appear to have flabellate branches. They have been referred to the Phaeo- 
phyceae, but on inadequate grounds. Another interesting type is Lang’s Nemato- 
thallus (Lang, 1937) which had a flat frond-like expanse of tissue composed of inter- 
lacing tubes, often of two distinct orders of size, and covered by a cuticle with a 
pseudocellular pattern. Within the cuticle and among the tubes were firm walled 
(cuticularized) spores of various sizes. Another curious form, described by Andrews 
& Alt (1956) as Crocalophyton, had a unique structure with radially elongated strands. 
This also shows that thallophytic forms had developed considerable size and com- 
plexity by Silurian times. We now know that plants resembling Algae had long 
been in existence for Tyler & Barghoorn (1954) have described indubitable remains of 
filamentous plants from the Pre-Cambrian of Southern Ontario which are perhaps 
1300 million years old. These and the varied remains of thallophytic plants from the 
Cambrian rocks show that the pteridophytic plants may well have evolved from 
thallophytic forms long before their appearance in Silurian times. 


Interrelationships of the Pteridophyta. 


__The general similarities in life-history and in the reproductive structures of the 
different groups of the Pteridophyta provided grounds for considering that the Ferns 
Lycopods, Equisetums, Sphenophylls and Psilotum were probably derived from a 
common ancestor. In the early part of this century much thought and discussion was 
devoted to this matter. It was rendered more complicated by the morphological 
dogma that all sporangia were borne on sporophylls of a more or less leaflike nature.’ 
Our present evidence shows however that these groups have been quite distinct from 
Devonian times and that each has evolved independently. The Lycopods have shown 
relatively little change in their sporophytes, apart from variations in size and minor 
changes in anatomical structure. The ferns, on the other hand, have developed in a 
great number of ways, in form, size, anatomical structure and sporangia. The 
Equisetales and Sphenophyllales are perhaps interrelated, both having verticillate 
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construction and similarities in their fertile shoots and sporangia, but they were already 
distinct in Devonian times. The discovery of early examples of the fertile shoots of 
these forms, in which the sporangia were borne at the tips of naked branches and not 
on leafy sporophylls, indicates the futility of the older discussions about the morpho- 
logical nature of their Carboniferous cones. It was almost impossible to interpret 
the many known forms of these structures on the sporophyll theory. The historical 
record now seems to show that their bracts were not sporophylls but arose on the 
fertile axes between the sporangiophores. Mesozoic and modern members of the 
Equisetales lack any such bracts and retain the primitive structure. 

The members of the Pteridophyta have shown some parallel evolution in the 
development of their spores. Each group has at some time developed heterospory, 
though most of the forms with this character have become extinct. 


Origin of the Seed-bearing Plants. 


Before the coming of evolutionary ideas taxonomists regarded the possession of 
seeds as an indication of affinity, and this view persisted well into the present century, 
when affinity had come to mean genetic relationship. Now, however, the view is 
widely held that the seed habit originated independently in different groups of plants. 
D. H. Scott pointed out that the integumented megasporangia which were formed in 
at least two genera of Palaeozoic Lycopods, were seeds in a biological sense. From the 
same period we find remains of two other great groups of plants which produced 
seeds, these were the Cordaitales and the Pteridospermae. They were totally different 
from one another in general form, in anatomical structure, and in the the arrangement 
of their fertile structures, they cannot be considered as closely related. Both had 
ovules of a primitive type, but in the Cordaitales the integument was derived from 
a pair of opposite members (bracts or branches), while the pteridosperm integument 
was formed from the members of a whorl, five or six in number. These structures 
grew just below the megasporangium on the fertile axis, and in some forms were 
concentric in anatomical structure and free from each other at their tips. I consider 
that we should not regard these structures as modifications of some pre-existing 
organs but new formations on the fertile apex. It seems likely that the later pterido- 
sperms, the Bennettitales, the Cycads, and probably the angiosperms, were derived 
from plants having seeds of this type, while the Coniferales, Taxales and perhaps the 
Ginkgoales, sprang from plants with the Cordaitean type of seed. 

Emberger (1949) has drawn attention to the absence of any embryos in the petri- 
fied ovular structures from the Upper Palaeozoic rocks. He therefore considers that, 
contrary to past usage, they should not be described as seeds; he proposes a new 
class, the Prephanerogams, for the plants having these ovules and includes in it 
the Ginkgoales and Cycadales. It may well be that from an evolutionary point of 
view a useful distinction may be drawn between plants in which the embryo is only 
developed after the dispersal of the ovule (seed), and those in which full development 
occurs in attachment to the fertile branch. But differences of this kind cannot be 
held to indicate a genetic connection between such diverse groups as the Cordaitales 
and pteridosperms, or a separation of the Bennettitales from Cycads and pterido- 
“sperms. It may be that none of the earlier seed plants, including the conifers, com- 
pleted the formation of embryos on the parent plant, but it is unlikely that we yet 
know all the facts relating to this problem. 


Mesozoic Gymnosperms. 

The discovery during the last half century of six or more types of plant which 
flourished in Mesozoic times and bore seeds (ovules) has been one of the most impor- 
tant of the recent contributions of palaeobotany to our knowledge of plant evolution. 
Formerly only the conifers, ginkgos, and Bennettitales were known from this period. 
The existence of the Cycads was inferred from the remains of leaves, many of which 
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have since been shown to belong to the Bennettitales, but their reproductive structures 
were virtually unknown. The work on the Mesozoic gymnosperms has given quite 
a new conception of the evolutionary changes which seem to have taken place among 
many of the megaphyllous seed plants about the end of the Palaeozoic period. Some 
of these changes may be significant when the origin of the angiosperms is being 
considered. 

The well-known work of Prof. Florin (1938-45) has greatly elucidated the history 
of the Coniferales which were widespread at this time, with Araucarian elements 
especially abundant. Various genera of the Ginkgoales were plentiful during Triassic 
and Jurassic times, as shown by their characteristic leaves, but we have as yet little 
certain knowledge of their reproductive structures. Prof. Harris (1951) has furnished 
good evidence for thinking that the simple or forking linear leaves known as Solenttes 
or Ozekanowskia, and previously thought to be allied to the Ginkgoales, had fructi- 
fications of a unique type which he referred to the genus Leptostrobus. They show a 
slender axis bearing fertile appendages in a loose spiral ; each fertile structure formed 
a flattened capsule composed of two valves joined at their base and containing about 
five seeds. The micropyles of the seeds faced the axis, and pollen was also found within 
the valves. 

The problem of the evolution of the Cycadales has been little advanced by the 
discovery of the male and female cones of these plants. Both were very similar to 
those of living types, though in Beania the seed-bearing structures did not form a 
compact cone. 

The Bennettitales have proved to be more varied in form and structure than had 
been suspected. The earlier types had elongated stems with widely separated leaf 
bases, unlike those of the Lower Cretaceous Cycadeoideas. The leaves were pinnate 
or entire. The “ flowers ’’ were terminal structures, sometimes on a naked peduncle 
they frequently had a spiral group of bracts just below the fertile organs. Some of 
the flowers were unisexual, others bisexual. The male sporangiophores show consider- 
able variation in form but the ovulate parts are remarkably uniform. Some evidence 
suggests that the characteristic interseminal scales originated from sterile ovules, 
ee has been found to suggest that they ever had the nature of bracts or sporo- 
payis. 

One of the new groups is the Pentoxylae, an assemblage of plant remains from the 
Jurassic rocks of India preserved in a petrified condition. Our knowledge of these 
peculiar types is due to Sahni (1949) and his pupils (Vishnu Mittre, 1953). The 
stems had an unusual structure with five or more steles and closely-packed leaves, 
which were probably entire elliptical structures reaching a length of 7 cm. The 
female infructescences were branched and had compact cone-like structures at the 
ends of the branches ; each cone consisted of a number of closely-packed seeds with 
thick integuments and the remains of micropyles projecting to the outside. The 
pollen was produced in rounded sporangia terminating the branches of slender elongated 
structures, which arose from the apex of a stem and may have been fused at their 
bases. These plants seem morphologically distinct from any other known type 
though a comparison with the Bennettitales is suggested. 
oe oe Ae "an the pee of the Southern Hemisphere has been named 
ve stosperi omas, 1933). These plants were essentially similar to the 

alaeozoic pteridosperms. Their leaves varied considerably in form, from bipinnate 
ae ee had separate male and female inflorescences. The latter were 
ed, the branches being either in one plane or spirally arranged. The female 
structures bore bracts and bracteoles, their branches terminated in recurved cupulate 
ovules with projecting micropyles. The branches of the male inflorescences were 
expanded at their tips and produced a number of elongated sporangia on their lower 
surfaces. The pollen grains were winged, probably an adaptation for the fertilization 
of the pendulous ovules by a drop mechanism. When ripe the seeds had a stout testa 

The Peltaspermaceae have been found in both the Northern and Southern Hemi- 


J.L.S.B. LVI] FOSSIL PLANTS AND EVOLUTION 127 


spheres ; they had well-cutinized bipinnate leaves, known as Lepidopteris (Harris, 
1932). Their pollen was borne in short sporangia formed at the tips of a branched 
structure and sometimes showing a radial arrangement. The ovules were produced on 
peltate structures at the ends of branches which arose spirally from a central axis. 

The Caytoniales (Thomas, 1925; Harris, 1940) were a somewhat later group in 
the Northern Hemisphere. Their leaves were compound, having four or fewer leaflets 
with closed reticulate venation. The male and female inflorescences were branched in 
one plane and fertilization was gymnospermous. The pollen was produced in elongate 
loculate sporangia like the anthers of some flowering plants. The ovulate branches 
ended in small cupular structures containing a number of ovules and having a small 
opening at their base near the stalk. After fertilization this opening became completely 
closed and the structure developed into a fleshy berry-like fruit containing many seeds 
with stony testas. This group is interesting because it shows several structural and 
biological features seen in the angiosperms. The present writer has been widely 
credited with the view that the Caytoniales may be the ancestors of the flowering 
plants, in spite of his clear statement on the subject (Thomas, 1931). He considers the 
Caytoniales to be descended from the Pteridosperms, like the Cycadales and Bennet- 
titales ; the angiosperms probably arose independently from the Palaeozoic pterido- 
sperms, and the features that they show in common with the Caytoniales are due to 
parallel development. 

A quite different and highly problematical form, which may well have been a seed 
plant, was abundant in Permian and Triassic times in the Southern Hemisphere and 
India. Its leaves have long been known as Glossopteris, but this is a form genus, and 
two or more types of plant had leaves of this character. The reproductive organs of 
several species have been described by Mrs. Plumstead (1956) from impressions in which 
almost all the remains of plant tissue have disappeared. In these specimens a short 
fertile axis sprang from the midrib of the leaf and terminated in a close conical group 
of contiguous seed-like bodies enclosed in a bivalved envelope. Mrs. Plumstead 
thinks that the seed-like structures grew on the valve nearest to the lamina and that 
the other valve gave rise to large pollen-bearing structures. The specimens seem to 
justify this interpretation, but as no other plant is known to have a similar morpho- 
logical construction the discovery of examples showing remains of the plant 
tissue is most desirable. In any event it seems likely that the material with the 
Scutum or Ottokaria type of reproductive organ, represents another distinct type of 
seed-bearing plant, previously unknown. 

Other, more scanty, remains have been found in South Africa and elsewhere 
which show that seed plants had appeared in considerable variety by the end of the 
Triassic period. It is not improbable that the real ancestors of the angiosperms may 
yet be found to have occurred at the same period, for many hundreds of square miles 
of plant-bearing strata in southern Africa still remain to be examined. 


The Problems of Plant Phylogeny. 


If phylogeny is defined as the racial history of a species or genus, the historical 
record of plant life provides almost no evidence for its study. This is because we are 
very seldom able to give a complete description of a fossil species. Our material 
consists mainly of isolated organs, separate from one another, and we can rarely be 
sure of linking up the stems, leaves and reproductive structures to show what the 
complete organism was like. If a species cannot be defined in the same way as a living 
plant, the form of its ancestors or progeny is always a speculation. , 
In this situation two different methods have been followed by those interested in 
phylogenetic studies. Both of these aspects have been fully discussed by Zimmermann, 
whose writings have been largely responsible for the interest shown by an increasing 
number of botanists in the bearing of palaeobotanical knowledge on our understanding 
of plant evolution. One mode of phylogenetic study is the examination of the prob- 
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‘onships of the major groups of land plants, a second is concerned with the 

peta the forine and Biatnoters of organs of the same kind in one or a 
ely related taxonomic groups. ; 

ere eis of the reteiee Brenan of the larger groups of extinct and recent 
plants have given rise to a considerable literature. Phylogenetic schemes have been 
put forward by Zimmermann (1930), Lam (1955), Emberger (1944), Magdefrau (1942), 
Daniker (1954), Greguss (1955) and others. In spite of the paucity of our knowledge 
of fossil species, we know much about the various forms of stems, leaves and the 
reproductive structures in the principal groups ; we have some knowledge of the 
periods in the past when they lived, and of their relative abundance. Our information 
is doubtless incomplete, but it provides much material for critical consideration, and 
the attempt to link up the data into a scheme showing the evolution of plant structure 
is a valid scientific discipline. While the suggestions of some authors seem speculative, 
the subject is worthy of close attention for it has led to the appreciation of some 
aspects of plant structure that may have been previously overlooked. 

The details of the various schemes that have been proposed cannot be given here, 
but reference must be made to the papers of Prof. Lam, who has kept in touch with 
recent palaeobotanical discoveries and has considered the views of other writers on 
the subject. He has suggested a revised way of classifying the plant world, based on 
extinct as well as on living forms. A certain amount of agreement is to be found among 
the various writers on the general evolutionary trends in several groups, but, as may 
be expected, diverse views are held about the ancestry of the angiosperms. 


Character Phylogeny. 


Many botanists have made comparisons of the structures found in taxonomic 
groups of modern plants, with the object of discovering the probable evolutionary 
development of those structures; such work generally depends on suppositions as 
to the form of the more primitive types. Character phylogeny has the same aim, 
but is based on the examination of stems, leaves or reproductive structures in groups 
of apparently related plants, taken in the historical sequence of their appearance in 
the fossil record. When all the known forms of a particular organ from successive 
horizons are taken into account, the general pattern of the changes that have taken 
place can generally be discerned. The types of change and their rates vary independent- 
ly, and examples of the more primitive forms may persist for some time among 
more advanced types. 

The photosynthetic organs of megaphyllous plants, being the parts most commonly 
preserved, present much material for this kind of study. The general sequence of 
changes is found to be, from a highly branched lateral shoot to a flat compound frond 
with small pinnules, then to structures in which pinnules and pinnae become more or 
less united by parenchymatous tissue forming the mesophyll, with the original branches, 
pinnae axes, etc. represented by the veins. Comparable changes appear to have 
taken place at different times in the ferns and the seed plants. Early in this century 
Lignier (1903) brought forward the hypothesis, based on the succession of the fossil 
forms that the fronds of ferns were derived from branch systems. More recently 
Zimmermann (1952), Emberger (1953), and others have dealt with similar series. It 
seems possible to regard most, if not all, of the changes in the form of fronds and leaves 
as due to mutations producing changes in the relative growth rates of the different 
parts of the organ. Zimmermann, who has discussed the question in several publi- 
cations, considers that the changes have arisen by the action of several “ elementary 
processes ” among which he distinguishes (a) Overtopping, a process leading to a 
distinction between rachis and leaflets, pinnae and pinnules, etc. (b) Plantation, when 
the telomes and mesomes became arranged in one plane. (c) Syngenesis, where the 
telomes and mesomes became connected by parenchyma (forming mesophyll), or by 
their steles. (d) Reduction. (e) Incurvation, unequal growth on two opposite sides 
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ofthe organ. (f) Longitudinal differentiation, usually affecting the extent of the other 
processes at different parts of a leafy structure. The different types of change are 
regarded as independent of one another. 

There seems to be abundant evidence for such a theory from the fossils, It 
also obtains support from recent observations on the development of leaves in living 
dicotyledons (cf. Slade, 1957), and on the influence of chemical substances on leaf form. 
It is also probable that environmental conditions have played some part in causing, 
or selecting, changes in leaf form, which may also have been influenced by evolutionary 
changes in the stems and roots of the plants. 

It is of some general interest to notice that the fossils seem to show a high prob- 
ability that compound leaves are more primitive than simple leaves, and this may be 
applicable to the flowering plants. But large simple leaves with a reticulate venation 
appear in the fossil record towards the end of the Palaeozoic period. 

Reproductive structures of successive periods may be usefully compared in a 
similar way to the comparison of leaves above mentioned. An outstanding example 
of such work has been provided by the researches of Prof. Florin (1938-45) on the 
Cordaitales and Coniferales. These have cleared up the long debated problem of the 
morphological interpretation of the female cones of the living conifers. Similar 
studies in other groups may well lead to results of comparable interest and value. 


The Origin of the Angiosperms. 


From the early days of the theory of Evolution the origin of the flowering plants 
has been one of its major problems. This group, now the largest, the most widespread, 
and the most diversified class of the higher land plants, is greatly different in structure 
and reproduction from all other living forms. Dicotyledons appeared in considerable 
numbers and variety in Upper Cretaceous times, and their evolution may well have 
continued at a rapid rate since that period. It is widely held that the fossil record 
throws no light on their Pre-cretaceous ancestors, but it is difficult to believe that no 
evidence bearing on their origin exists among the fossil floras that have been dis- 
covered. It is quite possible that being essentially plants of dry lands (Axelrod, 1952) 
they did not grow in places where their remains had any chance of being preserved, 
or that the areas in which they originated have not yet been thoroughly searched. 
But we may have found the remains of their ancestors, or of allied types, without 
recognizing them. The writer believes that this may be due in part to the persistence 
of the old ideas on original plant form based on the classical morphology of Goethe, 
and in which the parts of the flower had to be either leaves or stems. These concepts, 
which cannot be applied to evolutionary studies, made botanists think that they 
knew what was the form of the early flowering plants, and they made a completely 
unsuccessful search for fossils which realized their ideas. 

The leaves of the dicotyledons have a characteristic form, but apart from two 
isolated specimens from the Jurassic rocks, the only species with leaves of this type 
which he called Furcula granulifera was found by Prof. Harris (1932) in East Green- 
land in Rhaetic rocks. We now know, however, that the veins in many living forms 
show a simple closed reticulum at an early stage in their development; a type of 
venation which was present in many earlier forms, such as Glossopteris, Anthophyopsis, 
and Caytonia. The Mesozoic and some Palaeozoic gymnosperms had inflorescences 
with groups of reproductive organs terminating their branches. It is easy to interpret 
the flowers of the angiosperms by reference to these, and it seems more logical to do 
so than to regard the floral organs as a series of modified leaves, a type of structure 
which is quite unknown among the plants of the past. The fossil record of reproductive 
branches gives strong support to the view that bracts and bracteoles, sepals and petals 
are new structures due to changes in the growth of the reproductive axes and not 
modifications of pre-existing leaves. These ideas may form the basis of a re-assessment 
of the living angiosperms, and a new search for the characters correlated with struc- 
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tures known to be primitive. The work of Sporne (1949) on these lines may well show 
that the origin of the flowering plants is not so mysterious as was previously thought. 

Apart from the search for primitive angiosperms, palaeobotanical work of great 
importance has been carried out on the angiosperm remains from the Upper Cretaceous 
and Tertiary rocks. In Darwin’s time the identification of genera was mainly based 
on the identification of leaf impressions, and many of the names given were open to 
criticism. Now, by the patient labours of many investigators, we have evidence 
from fruits, seeds, pollen grains and some remains of flowers, as well as from well- 
preserved leaf remains. The pioneer work of Clement and Eleanor Reid on ancient 
fruits and seeds, has been well followed up in Europe, while the studies of E. W. Berry 
and Prof. Chaney and others on leaf remains in America have been very valuable in 
disclosing much of the later history of the angiosperms. This work, which is still 
going on, will tell us much about the evolution of the group. 


Palaeobotany and Natural Selection. 


The study of the past history of plant life might be expected to furnish some evidence 
of the mechanism of evolution and especially of the role of natural selection in the 
origin of species. It must, however, be remembered that plants differ greatly from 
animals in their structure and their mode of life. Anatomically they are very simple 
when compared with most animals; apart from the fungi, their nutrition is very 
uniform in character, they are fixed in the soil from which they draw water and mineral 
salts, all of them need suitable illumination and temperature for growth. The competi- 
tion for existence is different from that in the animal world, where food chains of 
a complicated nature may determine the perpetuation or extinction of a race. 

In the past many botanists have tended to regard structural characters as the all 
important factors determining the viability of a plant species, and have looked on 
all variation in form as due to natural selection. ‘There were so many varieties in 
floral structure which seemed like adaptations for pollination by insects or birds ; 
there were different types of fruit affecting their seed dispersal, and so evolution 
was considered as mainly a question of structural change. But few of those who 
discussed evolutionary problems were acquainted with the physiology of plant growth, 
or had studied the ways in which it is affected by environmental conditions, as shown 
by observations on species in the field or under cultivation. Thus the importance of 
the internal biochemical constitution of the plant was overlooked. 

In nature competition between individuals and species undoubtedly exists. In 
many places species are seen with structural characters apparently related to their 
environment, such as succulence, but they often grow alongside plants without any 
such modifications of structure, moreover succulence may have originated from internal 
biochemical changes. More important than features of shape and structure is the water 
balance of a species, the optimum, maximum and minimum temperatures for growth 
and flowering, its illumination needs for vegetative growth and for flowering, the rate 
ofits reproductive cycle. Thus it is not unlikely that biochemical changes arising in the 
nucleus, affecting the enzyme systems in the plant and possibly produced by cosmic 
ray bombardment, may be the real cause of the appearance of new varieties or species, 
and that visible morphological change may be often a secondary result. Physiological 
changes may become fixed by natural selection, especially when the species is subjected 
to climatic changes affecting its habitat. If this view has any validity we could scarcely 
expect to obtain any information about the origin of variations or the process of natural 
selection from the study of fossil plants. But this study shows that considerable 
changes in the vegetation of all parts of the earth often took place in the past, and these 
were associated with climatic fluctuations. 

An interesting example of the relation between climate and structure is furnished 
by the Upper Palaeozoic Lepidodendrales. These plants were very abundant in the 
swamps of the Coal Measure period and many species referable to several genera had 
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appeared. Their anatomical structure, which is very fully known, had become highly 
specialized for their mode of life. They formed trees of considerable size, with many 
leafy branches, but the stems and leaves contained very little water-conducting tissue. 
On the other hand they had a very large bulk of aerating tissue, essential for the growth 
of their Stigmarian axes and rootlets, which stood in water or anaerobic mud. This 
tissue filled a large part of the stems, it communicated with the rootlets below, and 
with both the mesophyll of the leaves and with the outside air above. When, at the 
close of the Carboniferous period, the swamps and lakes of the coal basins dried up 
plants with such structure had little chance of survival and they became almost 
extinct. Only one small unbranched type, Plewromeia, seems to have survived into 
Triassic times as a last and rare remnant of a large group. 

_ There is geological evidence of frequent climatic variations and of changes in the 
distribution of land and water in past times. When these changes occurred some land 
plants were doubtless able to migrate to habitats where the soil, rainfall and tempera- 
ture were suitable, although their light requirements may have limited their movements 
towards or away from the equator of the period. The information we now have 
about the effects of the climatic fluctuations in Quaternary times on the survival and 
distribution of species, provides an example of the type of change which has taken 
place constantly over the many millions of years of plant growth on the earth. Thus 
the great glacial period in the Southern Hemisphere at the close of Palaeozoic times 
must have had wide effects on the flora. After its maximum very large tracts of 
land were probably left as open habitats for plant growth, and for a long time the 
vegetation seems to have been sparse, although conditions were probably favourable 
for the establishment and preservation of species. It may be that this area provided 
the conditions favouring the rapid evolution and spread of the flowering plants. In 
fact a few remains of structures resembling the flowers of angiosperms have been 
found in the Triassic rocks of South Africa. 

It is, of course, possible to point to different structures found among fossil floras 
and to claim with some degree of possibility that they originated through natural 
selection. The tightly closed cones found in Cretaceous times may have been responsi- 
ble for the development and spread of the Abietineae. The fleshy, berry-like fruits 
of the Caytoniales with their many small stony seeds may have favoured the spread 
of these plants during the Jurassic period, when birds and small mammals were 
present to feed upon them. The Bennettitales in Lower Cretaceous times became 
much dwarfed, with their “flower ” buds almost buried amid an armour of leaf 
bases, probably related to a gradual climatic dessication. But neither the Caytonias 
nor the Cycadeoideas seem to have survived beyond Lower Cretaceous times. 

The changes in frond form in the ferns and pteridosperms that have been mentioned 
in an earlier section, might also be ascribed to the natural selection of variations tending 
to produce a more efficient photosynthetic organ. Although selection may account 
for the disappearance of some of the earlier frond forms, the idea can scarcely be 
applied to the fully expanded bi- and tripinnate types, such as are seen to-day in 
the ubiquitous Pteridium aquilinum. The formation and increase of auxins influencing 
the development of the growing points of the stems and fronds provides a more likely 
reason for the changes from a highly compound to a more simple form of leaf, than the 
selection of a less dissected form that had arisen by a chance variation. 


Fossil Plants and Geographical Distribution. 


The theory of Evolution involved the view that each species was first produced 
within a single region (Darwin, 1888, p. 320). It was therefore necessary for Darwin 
to consider the present discontinuous distribution of species, and to extend this to 
the cases where different species of one genus occupied widely separated areas. ‘T'wo 
chapters of the Origin of Species were devoted to the discussion of Geographical 
Distribution, in which special attention was paid to plants. The theory was put 
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forward that discontinuous distribution was mainly due to the migration of plants in 
former periods when climatic conditions changed and were different from those of 
the present day. The possibility of changes occurring in specific characters during 
such migrations was envisaged. 

The argument was developed (Origin, p. 330) from the explanation given by 
Edward Forbes of “ the former influence of the glacial climate on the distribution of 
the inhabitants of Europe ”. At the period of maximum glaciation much of Europe 
and North America, now having a temperate climate, were thought to be inhabited 
by an arctic flora and fauna, some of whose members ascended the higher mountains 
and remained there when the climate was ameliorated. This view has long been 
accepted as the most probable explanation of the discontinuous distribution of certain 
arctic-alpine species, but it is only in recent years that unquestionable evidence has 
been found to prove that such migration is an historical fact. 

The researches of Clement Reid published in The Origin of the British Flora 
(1899) began the investigation of the remains of Quaternary plants, which in the last 
thirty years has been actively pursued by many workers in different countries. 
Dr. Godwin, one of the leaders in this work, has shown in his History of the British 
Flora (1956) that we have ample evidence from pollen, seeds and other macroscopic 
remains of the widespread occurrence of arctic species in England after the retreat of 
the ice. Much is known of the changes in climate, from the last glaciation to to-day 
and of the succession of species in the vegetation; we also have some evidence of the 
composition of the flora of the previous interglacial period. 

After giving an account of the theory of Forbes on arctic-alpine species, Darwin 
went on to consider the possibility that early in the Pliocene period, when the climate 
was warmer, plants now growing in the temperate regions of the Old and New World 
extended northwards and were perhaps circumpolar. He thought that towards the 
end of the Pliocene, when the climate became colder, these plants would probabl 
have retreated southwards, and so become separated in two distinct areas oie Ww : 
strongly inclined to extend this view to some still earlier and still warmer eee) 
when other plants with a circumpolar distribution may have extended snlee el to 
those regions where we now see their descendants, mostly in a modified condition ei 

Recent research on the fossil plants from the Tertiary rocks has shown that th 
suppositions also are in the main historically justified. In 1920 Mrs. Reid id a 
evidence of a southward migration of the floras in Pliocene times resulting i we ti 
differences in different regions. Her conclusions were drawn from th Bie ote of 
fossil seeds from different horizons in Western Europe. A comparis sf the ae A 
identified showed that early in the period the flora of Western E sonesocnns Cand 
considerable number of species (64 per cent of the total) which ae spin 
Europe but are found i i i i Womiia peubianr eo 

p In mountainous regions in North America and China. As ti 
uae o i pee of Ae species diminished, suggesting a eee with ‘the 
er conditions. In Europe this retrea 
ae ranges ae the Maditprene cee Sea a Baie ce ae ari 
merica an ina, passages to warmer regions were open, and at j 
many forms were able to return northwards to the a i i hee seer One 

Further research has provided evi eee age aul BtOw 
Oligocene or Miocene a The en eee precinct ee ae 
by Mrs. Reid & Miss Chandler (1933) to contain many nea RS were shown 
now growing in the tropi i : oe O species 
pies é in N = th eee Ree ye ae Melevee region. Similar vegetation was 
extending to Greenland and Spitzbergen ae ee eee pi 
pee ly ie found in North America by Prof iene Fa ere ae ee 
indica SORE 
nee iis i aes ese me and probably drier, the temperate ae 
Berit mecoxtonaive. Aral SOD ALM proodlang savanna and 
dispersal during this period. Further evid if a 

ence of migrations in North America has 
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been provided by a statistical analysis of the floristic composition of the fossil remains 
from Upper Cretaceous to Pliocene times by Dr. Barghoorn (1951). This shows a 
steady change during the period in the number of genera with representatives in the 
existing flora of the geographic region of the deposit, and in the number of exotic 
genera. He also provided data showing the relative numbers of unidentified, “ extinct”, 
or form-genera present at each stage ; this may perhaps give some indication of the 
morphological changes that occurred during the period, for it seems unlikely that the 
high percentage of unidentified forms in the earlier floras is entirely due to the extinc- 
tion of genera. 

Apart from the problems which Darwin considered, palaeobotanical research has 
disclosed many other difficult questions relating to past geographical distribution, on 
which valuable data were collected and presented by Seward in his Plant Life through 
the Ages (1931). Some of these have given rise to considerable discussion, such as the 
problem of the discontinuous distribution of the Gondwana flora of Late Palaeozoic 
and Early Mesozoic times. The remarkable similarities between the representatives 
of this flora in India, South Africa, Australia and South America seem inexplicable 
if the continental masses and ocean basins had in Late Palaeozoic times the positions 
which they occupy to-day. 

Our fossil floras also supply evidence of many wide ranging forms in past times, 
such as the occurrence of Lepidopteris in the Triassic rocks of Kast Greenland, Sweden 
and South Africa. We may thus conclude that at all periods land plants have migrated 
over long distances, and that Darwin’s suggestions, long regarded as providing a 
satisfactory theory, now have the status of proved historical fact. 


Summary and Conclusion. 


The study of fossil plants during recent years has given a much wider and more 
comprehensive view of the vegetation of the past, extending back to the Silurian period. 
Tt has shown that many groups of the higher plants formerly existed whose reproductive 
features were very different from those of any living types, though in their basic 
units they are often somewhat similar. The evidence suggests the derivation of the 
higher land-plants from five or six ancient types, although nothing is really known 
about the possible connections of these ancestral forms. 

Modern technical methods of treating the fossil remains, and systematic collecting 
by trained botanists, have rendered our knowledge more precise and reliable. 

Owing to the comparative rarity of conditions favouring the preservation of plants 
as fossils, no long series of forms have been found from which the evolutionary history 
of species or genera can be determined. The general historical trends in certain large 
groups, and in the characters of some of the organs within those groups may be inferred 
from the fossil evidence. 

The reproductive branches of most of the higher plants show increasing complexity 
with the passage of time. The fossil record suggests that this was often due to the 
formation of new structures in the region between the site of reproductive activity 
and that of purely vegetative growth. These new structures (cupules, bracts, etc.) 
do not seem to be, in the historical sense, modifications of pre-existing organs. 

No evidence has been obtained as to the way in which species have originated. 
Darwin’s views on the migration of plants in the Tertiary and Quaternary periods have 
been shown by direct evidence to be fully justified. It seems certain that similar 
migrations have take place repeatedly in the distant past. 

The idealistic concepts of plant form laid down by botanists under the influence 
of the belief in special creation appear to have no historical foundations. Many 
early plants had no real leaves or roots, and there is good evidence that fronds and 
large leaves have evolved from branch systems. Hence the distinction between 
branches and leaves, which has played in the past such an important part in the dis- 
cussion of evolutionary problems, has no fundamental significance. The belief that the 
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sporangia of all the higher plants were originally borne on fertile leaves, or sporophylls, 
is without material foundation. es ir 

The fossil record now available provides the groundwork for a new and materialistic 
philosophy of plant structure. It shows that the idealistic view of plant form, derived 
from the ancients, is not applicable to the evolutionary point of view. It indicates, 
as Dr. Agnes Arber (1950) has ably shown, that a philosophical distinction must be 
made between idealistic morphology and materialistic (evolutionary) morphology, 
although both are valid modes of approaching the study of plant form. But during 
the past century the two view points have been confused, and this has resulted 
in much fallacious reasoning. 

It seems likely that the investigation of fossil plants will influence the study of 
plant evolution most strongly by showing that a completely new approach to the 
problems of plant form must be adopted. In this almost all aspects of botanical 
study should be integrated with the object of discovering how plants have come to be 
organisms such as we now see them. 
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THE EVOLUTION OF FLORAS 
WITH SPECIAL REFERENCE TO THOSE OF THE BALKAN PENINSULA 


By W. B. Ture, F.R.S. 
Being the HOOKER LECTURE delivered to the Linnean Society on 17 April 1958. 


Introduction. 

The Hooker Lecture commemorates the life and work of Sir Joseph Dalton Hooker 
(1817-1911). It seemed appropriate to combine in this year’s lecture two subjects 
that were of primary interest to Hooker and to the advance of which he contributed so 
much, namely organic evolution and plant geography. For those who regard taxonomy 
synthetically it is easier to combine than to separate these subjects, and the difficulty 
has been to compress the wealth of material into one lecture. Some artificial limitations 
are imposed and several important matters are ignored or barely mentioned partly 
because of lack of time and partly because they are outside my personal experience. 
Most of the illustrations are taken from the floras of the Balkan Peninsula and some 
other areas of the Mediterranean and Central European Regions. Further, only the 
seed-bearing plants are considered. 

In botany, evolution may refer to the origin and development of (a) species and 
other taxa, (b) vegetation, (c) floras. It is often not necessary to distinguish these 
usages of the term and it is impossible adequately to consider any one without frequent 
reference to the others. 

The orthodox taxonomic units, and especially species, form the basis of ecological 
and phytogeographical studies. It is all to the good that there should be constant 
criticism of taxonomic schemes and methods, so long as the critics are well informed 
and have their facts correct, a condition that does not always obtain. It remains, 
that no generally useful scheme has yet been published and tested to replace the 
hierarchical classification into families, genera, and species and that, on the whole, 
the work of plant taxonomists has been found adequate for ecologists, phytogeographers, 
cytogeneticists, and other specialists. The main difficulty in applying a classification 
linked with a nomenclature that in theory should be static is that when species (or 
other taxa) are studied as populations they are found not to be static but changing. 
Whether classification and nomenclature can be given a degree of elasticity to meet 
this behaviour of plants, especially when the changes are of the nature of long-range 
evolution, is a problem that will have to be considered when further researches on the 
composition and behaviour of taxa are available. Changes in vegetation have two 
aspects, the successional change, culminating in a climax that is stable relative to 
the earlier stages of a sere, and long range change most often associated with secular 
changes of climate. The former is, or may be, frequently repetitive, the latter is often, 
if not always, unique and can correctly be termed evolution. 

The word “ flora ” has several dictionary definitions. Here we use it to mean the 
sum total of seed-bearing plants classified into taxa and occurring in a given geo- 
graphical area. When a geographical area is subdivided the flora is subdivided. 
One can speak of the flora of the Mediterranean Basin and of the flora of southern 
France, of Cyprus, etc., without ambiguity when the sum totals of the plants of such 
areas are intended. Some care is needed in the use of phrases such as “the Mediterranean 
flora in Serbia ”, meaning the occurrence in Serbia of those species whose ranges 
are centred in the geographical Mediterranean Basin (or Region). 


Description, Classification, Causation. 


There are three essential Stages in the study of evolution of floras: description, 
classification, causation. It is sometimes considered very up-to-date to give a low 
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estimate to descriptive work in taxonomy, ecology, or phytogeography. This is 
unfortumate and, in my opinion, can only result in wrong conclusions being reached. 
Description is only one stage in phytogeographical research, as it is in any other branch 
of biology, and it is an art or craft as well as a fundamental method of science. Descrip- 
tion in plant geography has two functions: it is, or may be, of use in itself and it is 
an essential preliminary to the study of causes and therefore of an understanding of 
the origin of floras. The use of good descriptions in themselves was strongly impressed 
on me during the second world war when I was working for two service departments 
_ heeding information concerning the flora and vegetation of certain areas where opera- 
tions were contemplated. I cannot give details, but the authorities wanted exact 
information concerning such matters as composition of flora, nature of vegetation, 
penetrability, density of cover, seasonal behaviour; food values, and so on. They 
wanted accurate and detailed descriptions of what was there, while classification and 
theory of causes or origins, what we might consider scientific explanations, were not 
of the slightest interest to them. However, to us, descriptions are the raw facts so 
eee as to be complete for our purposes, comparable one with another, and classi- 
able. 

The second stage is that of classification. The different floral units have to be 
named or otherwise designated, diagnosed, and then related one to another in a logical 
classification. As with taxa, one can have special and general classifications. The 
former are made by using one criterion or at most very few criteria and are to a high 
degree “‘ artificial ’’, while, in making the latter as many criteria as possible are used 
and the resulting classification is based on a maximum number of correlations and 
to this extent is less abstract. The criteria that may be used are extremely varied 
and it is part of the purpose of this lecture to investigate them. From our point of 
view the importance of a classification of floristic units is that the determination of 
their origins will be made easier the more general and valid is the classification used. 
No term for biogeographical or for floristic units has been found comparable with 
taxon (pl. taxa) now in general use for taxonomic units of any status. The word 
chorion (pl. choria) is therefore proposed here with the advice of Mr. N. Y. Sandwith. 
One can make a botanical restriction by using phytochorion (pl. phytochoria) and a 
zoological one by using zoochorion (pl. zoochoria). 

Following description and classification there is the stage of causation. How have 
choria come into being? What are the causes of their genesis ? How have they 
developed and what has determined their particular development? How far are 
they now stable and how far are they changing and if changes are occurring what 
causes them or controls them ? 

The three stages of description, classification, and causation follow one another 
in logical theory. In practice, one collects data for all three as opportunity offers 
for any piece of research and in discussing methods here logical methodology will not 
be stressed and will at times be ignored. 

Plant geography as a whole is a highly synthetic subject and data from many 
branches of knowledge have to be considered. As with every other branch of botany 
it has to be based on taxonomy and this dependence cannot be too often stressed, 
though it is frequently ignored or insufficiently emphasized in many text-books 
and other publications. The units of a flora, of any phytochorion, are the taxonomic 
components or taxa. These are determined by the taxonomist as such and are then 
accepted by the phytogeographer. That the latter has often to be his own taxonomist 
has some advantages though it may increase the danger of circulus in definiendo, 
that the taxonomic units be not defined on grounds entirely independent of ranges. 
If we acknowledge the taxonomic basis of plant geography and, therefore, of any 
study of the origin of floras, the following are some of the data which must be used in 
our studies. There must be accurate determination of the actual composition of the 
flora of a stated area. The geographical boundaries must be clearly stated and strictly 
adhered to for any given piece of research. There will often be a taxonomic limitation 


138 WwW. B. TURRILL: [J.L.S.Z. XLIV, 


in that the phytochorion is taken to include only the Spermatophyta or, at most, 
only the vascular plants, though ideally it should include all plant groups. The 
composition of the phytochorion is determined by field studies, by consulting herbaria, 
and by abstraction from literature. Difficulties frequently occur. Time for field 
work may be limited, herbarium material is all too often inadequate, and published 
records are not invariably reliable or unambiguous. Fortunately the methods can 
often be used to check one another. Accepted records are best made on a loose- 
leaved system, sorted, checked and counter-checked, and can finally be plotted on 
maps and used in various ways for statistical analysis and synthesis. The degree of 
refinement in mapping and in statistical treatment varies with the size of the area 
and with the details of the aims of the research. Here reference need only be made to 
the symposium on this subject published in 1954 by the Royal Geographical Society 
(The cartographical presentation of biological distributions). For the British Isles, 
the advantages of range mapping on the grid system have been very fully discussed 
and mapping is proceeding for all the seed plants of the British flora. One has to note 
that money is not available for detailed mapping at all comparable to this for areas 
such as the Balkan Peninsula. 

Analysis of a phytochorion other than by detailed mapping is not only possible 
but imperative if the composition, and finally the classification and development, of 
the phytochorion are to be understood. The advantage of filing records on cards is 
evident in such analyses. The component taxa can then be readily classified in many 
special ways and statistics worked out for ecological distributions, correlations with 
climatic, edaphic, and biotic factors, flowering periods, life-forms, altitude, etc. Such 
special classifications are of very great use in preparing a general classification of the 
phytochoria of an area and in determining their origins and causations. 

It is important to emphasize that classification of phytochoria must be on the 
basis of the plant life only. They must not be delimited by non-botanical criteria. 
We must not, for example, divide the Balkan Peninsula on climatic criteria or on 
physiographical features and delimit phytochoria to fit in with climatic zones or with 
geographical peculiarities. Valid correlations can only be obtained when the variables 
are determined independently. Phytogeographers have not always been free from this 
error and with well marked climatic or altitudinal zonation, for example, there is 
always the temptation to anticipate botanical results by short cuts, though these 
may to some extent invalidate the results. 

The plant life of a phytochorion consists of systematic units or taxa which are 
more or less obviously and definitely grouped into communities of vegetation. Phyto- 
geography is not sharply marked off from plant ecology, and though difference in 
floristic composition is generally regarded as the first criterion for separating phyto- 
choria, vegetational differances are of great importance and ecological distribution 
has, so to speak, one advantage over ranges as usually recorded or mapped. A plant 
community is often defined by dominant or at least abundant items, either taxa or 
life-forms, while ranges usually do not record whether a taxon is common or rare. 
Thus a single occurrence will result in a whole vice-county or a grid square being 
blacked. There are of course devices for reducing the disadvantage of lumping together 
mere records of floristic occurrences, but adequate data are not always available for 
using them. The communities of vegetation, and particularly of the climax vegetation 
may give better correlations with non-botanical variables acting at the present time, 
such as climate or soil, than do merely mapped ranges of taxa. The subject is a com- 
plex one and is well illustrated by the extensions of Mediterranean elements inthe Balkan 
Peninsula even into parts well beyond the limits of the Mediterranean vegetation 
proper and the Mediterranean climatic zone. In the end, the phytogeographer has 
eine all possible criteria, to balance up the data, and often to recognize wide transition 

_ So far we have considered the actual plant life as flora and as vegetation. If we 
wish to consider its origins we have to find out as much as possible of its past history. 
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Indirect evidence may be given by details of ranges and distributions. The most 
direct evidence is palaeobotanical. The value of fossils in the study of the history of a 
flora is nowhere better illustrated than in the British Flora as shown in Godwin’s 
recent book The History of the British Flora, Cambridge 1956, and by the researches 
of Mr. and Mrs. Clement Reid and Miss Chandler. Work in North America by Chaney 

Mason, and others clearly supports the view that much light is thrown on the develop- 
ment of floras by palaeobotanical data. Like all other facts these need careful checking 
and interpretation in correlation with all other evidence. Unfortunately, for the 
Balkan Peninsula relatively few deposits of fossil plants have been critically examined. 
In the south and west of this area climatic and other conditions have not favoured the 
accumulation of peat so that the study of post-Tertiary pollen is limited. Published 
determinations of plant fossils cannot all be accepted. Examination of the material at 
the British Museum (Natural History) from Skyros determined by Gunnar Anderson 
as Rhododendron ponticum L. led me to reject the record. However, there is no doubt 
that even for the Balkan Peninsula the fossil plant deposits awaiting examination by 
Roe methods could give most valuable information regarding the history of the 

oras. 

Palaeobotany is not the only help given by geology to the plant geographer. Any 
facts regarding past climates and climatic changes are of great interest to him. Straight- 
forward geology is often of great importance and especially information regarding 
changes in land and sea relationships and in altitude. The plant geographer must 
never put forward hypotheses that conflict with well-established geological conclusions. 
It may even be undesirable for him to accept geological hypotheses that are in 
dispute amongst specialists however much they may appear to favour some pet 
hypothesis of his own. 


Origins and Developments of Floras. 


We come now to the origins and developments of existing floras as we can study 
them by the evidences just outlined. The facts we have are always incomplete in 
any general sense, and we have from time to time to make decisions that can only be 
tentative. I am limiting what I have to say here to spermatophytic floras and mainly 
to the angiosperms. Even so one cannot say when or where or from what such floras 
originated from the beginning. The origin or origins of the flowering plants from 
any pre-existing group or groups is still so hypothetical that it is best regarded as 
unknown for our purposes. They may go back to the Triassic or even Permian but the 
evidence available is that the flowering plants did not markedly influence most 
floras or dominate most plant communities till the Lower Cretaceous. Analysis of 
existing ranges and what is known of fossil plant deposits shows clearly that floras 
are not static. Changes in them may be gradual or catastrophic. Climate, a complex 
aggregate of factors, is the main limiting factor, but not the only one. The idea of 
tolerance to the sum-total of factors is often valuable in considering the range and 
evolution of a taxon or of a phytochorion, but it is frequently more illuminating to 
take an opposite view and to find out the limiting factor or factors to increase of range. 
One may, for instance, even say that a given taxon can live anywhere until it encoun- 
ters some limiting factor or conditions. Especially in trying to determine causes 
of floristic evolution the limiting factor view is often more helpful than that, of tolerance 
even if one accepts that they are only different viewpoints of the same phenomenon. 
For a phytochorion there is under existing conditions a relative climax, as there is 
for vegetation, but we are here concerned less with short term stabilization than with 
long term evolutionary changes. It is possible to classify these into two groups : 
in situ development and changes due to immigration and emigration. Tf one does this 
rigidly there has to be some repetition—or some criss-crossing in the classification. 
For example, hybridization may be a factor involving only elements developed within 
a phytochorion or it may involve immigrants. One may also ask ‘ when does an 
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immigrant become a native ?”. It is, however, important to recognize that in situ 
development can be important and that it raises problems in itself that often contrast 


with those of immigration. 


In situ Development of Floras. nll 
In situ development of a flora takes place by the mutations and hybridization of 
taxa and by their dying out. It has been urged that in the early history of angio- 
sperms mutations were large and infrequent and now are smaller and more frequent. 
Terms like “large” and “small” in such a context need definition or at least 
adequate illustration. One can only say that variations with a genetic basis, reasonably 
assumed to be of mutational origin, are found from time to time in existing taxa and 
are apparently of very varying degrees of importance to survival of the individuals 
having them and of conspicuousness to the botanist. They vary also in the taxonomic 
value that has been assigned to the characters involved. It is probable that in wild 
plants, as in plants cultivated under control for genetical research, the majority of 
mutations are disadvantageous, but “ advantage ”’ or “ disadvantage ”’ are sometimes 
difficult to determine. Since it appears that mutations are of all degrees from one 
extreme of very considerable advantage to another of very great disadvantage (even 
to lethality), it would appear that some mutations are more or less neutral, and one 
has to remember also that a change in environment may swing a mutation from the 
advantageous to the disadvantageous category. The subject is made still more complex 
by the fact that genes are often, if not always, pleiotropic. Examples of variations 
within species are numerous. My own experience, limited though it be, makes me 
bold to say that species as usually accepted in taxonomy in many genera are much 
more variable genetically than is generally realized and certainly than is stated in 
many published accounts. This is true for such species as Silene maritima With., 
Silene vulgaris Garcke, Ranunculus ficaria L., Saxifraga granulata L., and others we 
have studied experimentally and with some intensity. It is true for some species of 
Fritillaria especially in the Nearer East and for species of Jasminum in Tropical 
Africa. There is often a wealth of variation within a taxonomic species. If this be 
geographically restricted subspecies may be recognized, if it be ecologically restricted 
in a narrower manner ecotypes may be abstracted. How far names should be given 
to paramorphs is a practical question and I would merely express an opinion that they 
should only be given when needed to serve some definite scientific or economic purpose 
or where the variant is exceptionally clear-cut. We found it impracticable to give 
names to all the variants we studied in the bladder campions but to discuss our 
difficulties in this group would take us too far from our present subject. A few examples 
of paramorphs within my ken will illustrate their morphological diversity. Pulicaria 
dysenterica Gaertn. var. hubbardii Turrill was found in a colony of the species near 
Islip in Oxfordshire. It has remained true to its diagnostic characters for fifteen 
years and “comes true” from seed. The male variant of Ranunculus acris L, has, to 
our knowledge, only been found once, in Cumberland, but we have proved it to have 
a genetic basis and have raised numerous plants in F, and subsequent generations 
of which it was an original parent. As a minor variation I would mention Berteroa 
orbiculata var. glabra Turrill with glabrous pods which we found on one of the Mulyani 
Islands in the Aegean and near Simopetra on Athos. Silene subconica Friv. var. 
grisebachit Davidoff was originally found and described on the sandy shores of western 
Thrace by Davidoff. We have received excellent material more recently collected 
by H. G. Tedd. The elongated petal claws of this variant are very striking. One 
British example of the common bladder campion is worth mention since it suggests 
a “large ”’ mutation in the taxonomic sense though disadvantageous by itself. This 
was a plant with the calyces split into segments more or less corresponding to sepals. 
me genus Silene is the name genus of the subfamily Silenoideae which is characterized 
vy : OU el calyx in contrast with the subfamily Alsinoideae with a poly- 
sepalous calyx. The mutant, from Surrey, should technically be moved from one 
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subfamily of Caryophyllaceae to another. It was recessive to the normal condition. 
One could extend examples almost indefinitely, but it is perhaps worth stating that 
taxonomists are more acquainted with the extent of variation in wild taxa than are 
most geneticists and can accept that gene mutations may be and often are the basic 
raw material for the in situ evolution of floras. 

Mutations can result in convergence or even in polytopy or “near polytopy ”. 
Briquet argued for polytopy in his analysis of the flora of Corsica. Interesting examples 
of convergence or “near polytopy”’ occur in the genus Silene. Silene maritima 
does not occur in the Balkan Peninsula or, in our experience, in the Mediterranean 
Basin. Silene vulgaris, however, is a common and exceedingly variable species. 
In Dalmatia it has developed a variant, var. reiseri (K. Maly), which has various 
characters of morphology and ecology recalling those of S. maritima. Again, 8. 
vulgaris subsp. alpina (Lam.) Schinz et Kell, has a fairly wide range in the European 
Alps and extends discontinuously in the mountains in the western parts of the Balkan 
Peninsula at least as far south as Bosnia. A very similar variant also occurs in the - 
Balearic Islands and was almost certainly of independent origin from the Alpine plant. 

Changes in the chromosomes, whether inversions or other structural changes or 
multiplication or loss, have received considerable attention in recent years from cyto- 
geneticists. In that they often result in genetical isolation they are of particular 
concern to the phytogeographer but the vast majority of plant species of wild floras 
have not yet been adequately examined cytogenetically and it is difficult to generalize 
on the importance of cytogenetical isolation in the origin of floras. There are, amongst 
plants, what appear to be surprising exceptions to any general rule that taxonomically 
nearly related species will hybridize while more distantly related ones will not. Gewm 
urbanum L. amd Geum rivale L. hybridize freely, so do many species of Dianthus 
from the Balkan Peninsula and elsewhere. There is also no exact correlation between 
time or space factors in evolution and cytogenetical isolation. Thus, Platanus orientalis 
L. from the Nearer East is fertile with P. occidentalis from south-eastern North 
America, as witness the London plane. 

Polyploidy is not only of importance to plant geography in the formation of taxa, 
but can directly throw light on the origin of phytochoria. Polyploids originate from 
diploids, or, at least, from lower polyploids. Consequently diploids are anterior to 
polyploids though it has to be investigated carefully whether they have originated 
in situ or have immigrated into a given phytochorion. The study of polyploidy in 
relation to the origin of floras is in its infancy and one has to be cautious in making 
wide generalizations. Relatively few taxa have been adequately examined cytologically 
in wild material of known origin and the correlation of polyploidy with taxonomy is 
in an unsatisfactory state. It is certain that some polyploids show ecotype differences 
from their parental diploids. There is also evidence that some polyploids can withstand 

‘more extreme environmental conditions than the diploids from which it is assumed 
they were derived, but this is not true for all polyploids. There are distinctions to be 
made between autopolyploids and allopolyploids and physiological robustness of 
phenotypes, reproductive capacity, vegetative multiplication, and other features of 
behaviour have also to be considered. It has been stated that “ perhaps the safest 
generalization that can be made about polyploids is that they are most numerous in 
regions that have only recently been open to colonization by plants or that have under- 
gone great changes in their floras in recent times ”’ (Stebbins, Amer. Nat., 76, 36 : 1942). 

Mutations, genic or chromosomal, provide new basic characters, but hybridization, 
by leading to new combinations of genes, may also result in new “ characters ” some of 
which may become fixed in the Mendelian sense of homozygotes or by allopolyploidy. 
While Lotsy, for example in a famous lecture delivered in 1914 to this Society, prob- 
ably over-emphasized the importance of hybridization in evolution, it has played 
a part in the evolution of floras. This is particularly true when potentially inter- 
fertile taxa extend their ranges so as to overlap. It may be that one immigrant comes 
within pollinating distance of a species already a constituent of a phytochorion, as 
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Centaurea jacea L. entering chalk or limestone grassland in southern England and 
mixing with 0. nemoralis Jord. It may be that altered ecological conditions allow 
the spread towards one another of species previously isolated geographically, as appears 
to have happened in such genera as Dianthus, Asperula, and Thymus in the Balkan 
Peninsula, and that when the ranges meet hybridization occurs with the production 
of hybrid swarms if there are no, or no strong, sterility factors involved. The distinction 
between in situ development and development by immigration is here blurred if it 
does not break down completely. There is no doubt that introgression, to use Ander- 
son’s term, plays a part in the development of floras. 

Changes in floristic composition are brought about not only by the appearance of 
new taxa but also by the dying out of existing ones. The causes of this are usually 
obscure. Comparisons between life histories of indviduals and duration of taxa can 
be misleading. A good deal has been written about senescence of species. There is 
little, if any, clear cut evidence of loss of vitality in species as a whole due to mere old 
age degeneration, whether this be measured in terms of vegetative vigour or of repro- 
ductive capacity. For reasons most often not understood there may be loss of vari- 
ability in a species as a whole, that is depauperization of its biotypes. Environmental 
changes are the chief causes of extinction of species in a given phytochorion but this 
is correlated with two internal factors: the range of plasticity or the capacity to 
react to environmental changes and the potentiality for producing mutations. A 
species able to react favourably as a whole to climatic or other changes or withsome | 
biotypes capable of such reaction is the more likely to survive. It is accepted that 
some environmental factors increase mutation rate and this may occasionally be a 
factor in survival with change in a taxon. Environmental changes may favour 
the extension of range of an “old” species. Amongst the ancient relict elements in 
the Balkan Peninsula are the genera Haberlea and Ramonda of the Gesneriaceae. 
Haberlea rhodopensis Friv. is a plant of semi-shaded rock crevices and similar habitats. 
It appears to be extending its range in South Bulgaria and perhaps in western Thrace, 
in correlation with the opening up of montane and lower high mountain areas in the 
early degeneration stages following exploitation, by human activity, of what were 
closed forests, and resultant partial exposure of rocks. Certainly it was flourishing 
and spreading on rock exposure along newly-formed paths and roads in parts of the 
Rodopes in 1926. One has always to remember that the terms “old”, “ young”, 
and even “relict” are often used relative to the flora and area with which one is 
dealing and not always or necessarily to the whole range of a taxon. The relict area 
is the remains of a larger area that was attained under earlier conditions of colonization 
different from those now predominating in the locality. A relict species is often 
in ecological disharmony, and, not being well suited in any of its biotypes to its 
present environment, is retrogressing. If there be addition to the biotypes by mutation, 
or by immigration (perhaps with hybridization), or if the environment changes, the 
ae pat be stopped and even replaced by progression. Continuity or 
ee ‘aay iy of range may be suggestive in determining relative age. In general, 

gher the status of the taxon showing discontinuity the older is that discontinuity 
and. the greater the distance between occurrences the longer the discontinuity has 
lasted. There are exceptions to this generalization and to the further hypothesis that 
a taxon with a highly discontinuous range is older than one, even within the same 
taxonomic circle, with a continuous range. 

That species do die out is, of course, certain from palaeobotanical evidence but 
we are very 1gnorant as to causes. It might indeed be noted that the subject of “ death” 
amongst plants in nature has never been investigated extensively as a subject in its 
own right. It requires systematic study quantitatively and qualitatively. Physiology 
pathology, competition, long range and short range changes in physical environmental 
characters, and various other factors are involved and individuals, of or within popu- 


lations, and taxa will require different meth i 
cae otto q erent methods of study which, however, should be 
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Immigration and Emigration. 


We turn now to a brief consideration of development of floras due to geographical 
movement of taxa, that is to immigration into and emigration from phytochoria. 
The botanical problems of “ movement ”’ of species (or other taxa) are dependent on 
dispersal of disseminules or diaspores, whether in the form of spores, seeds, or vegeta- 
tive propagules. Apart from some of the thallophytic cryptogams, there is very rarely 
long distance change of site of whole mature plant bodies. In general, vascular plants 
are fixed in contrast with the mobility of many animals. There is both migration of 
taxa as single units and of masses of taxa in vegetation spread. The former may most 
often be more rapid than the latter. The efficiency of dispersal mechanisms has been 
much debated. It is very rarely 100 per cent perfect; there is nearly always an 
enormous wastage of disseminules. For short distances, without effective barriers, 
it is generally agreed that it keeps a species in existence when and where there are no 
limiting factors to establishment. Phytogeographically the problems concern long- 
range dispersal especially over what are now seas, oceans, deserts, mountain areas, 
or extensive closed plant communities. There is very little direct evidence of long- 
distance dispersal of viable disseminules by agents other than ocean currents (for a 
limited number of littoral plants) and man. There is however some, and a reason 
there is not more may well be that the subject has not been properly investigated by 
teamwork involving ornithologists, meteorologists, and aeronautical experts amongst 
others, supervised by botanists. Here is a subject that would bring space travel 
down to earth, or a least to our own atmosphere. The matter was discussed at some 
length in the account of Sir Joseph Hooker’s phytogeographical researches I published 
under the title of Pioneer Plant Geography and in my presidential address to the British 
Ecological Society (Journ. Hcol., 39 : 205.227:1951). Personally, I cannot dismiss 
the probability that effective long distance dispersal occasionally occurs over consider- 
able barriers. These barriers have a tremendous selective influence and disseminules 
very rarely get over them or establish themselves in new areas far from their homelands, 
but time is long and chance is patient and it was statistically highly improbable 
that much that happened should have happened. One naturally assumes that the 
greater the barrier the less chance of disseminules passing it and this is the general 
finding in phytogeographical studies. Two matters that have been little discussed 
but which have bearings on the subject of wide dispersal are the possibility of long- 
range transmission of pollen with the chances of introducing new genes by hybri- 
dization with taxa already established and the need to consider absentees from a 
flora when these might be expected on such hypotheses as continental drift. 

However, there is no doubt that there have been great changes in the relationship 
of land and sea (often referred to as transgression or regression of the sea relative 
to the land), in the elevation and lowering of mountains, and in the origin and modifica- 
tion of deserts, even since the appearance of the angiosperms. It is not my purpose 
here to discuss the controversial subject of continental drift. 1 would only point out 
that for many phytogeographical problems the trangression or regression of seas 
vis-a-vis continental land is at least as important as any wandering of continents 
east or west or north or south. Shallow seas are as effective barriers to dispersal 
of land plants as are deep ocean basins of the same extent. A combination of studies 
of dispersal mechanisms with the reasonably established geological history of an area 
usually throws considerable light on the evolution of floras. 

It is essential to emphasize the influence of man in the developmentof phytochoria. 
Man is the most powerful existing factor in modifying plant life, destructively and 
constructively, intentionally and unintentionally. Our attempts at nature conser- 
vation is an acknowledgment of this fact at the eleventh hour. Again, the subject is 
too great to deal with here even in general terms, but I would urge that the human 
factor in the evolution of floras always requires prominent treatment and often 
treatment separate from that devoted to other factors, though, of course, there must be 
final synthesis of the results of analysing factors separately. 
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Factors in the Evolution of Floras of the Balkan Peninsula. 

Since most, though not all, of my examples are taken from the floras of the Balkan 
Peninsula a very brief outline of the geographical, geological, climatic, and human 
background is desirable. The Balkan Peninsula is the easternmost of the southern 
peninsulas of Europe and is separated from Asia Minor only by the narrow straits of 
the Bosporus, Sea of Marmara, and Dardenelles and by the broader but geologically 
recent Aegean Sea. The boundaries one gives to it are partly artificial especially in 
the north-west. Here they are accepted to include Istria and the Karst but to exclude 
areas north of the Danube and Save. In the east the Cyclades and northern Sporades 
are included but the Aegean Islands adjacent to the Anatolian coast are excluded. 
Crete is included but Karpatos is excluded. Geologically the Balkan Peninsula is 
both old and young. There is a central core, more or less triangular in shape and 
including the Rodope Massif, which has probably been land continuously from very 
early geological periods. Much of the present-day land surface around this old core is 
of Mesozoic or Cainozoic rocks with limestones, dolomites, and sandstones predominant. 
These strata have been much crumpled against the solid mass of old hard rocks, 
particularly in connection with the mountain-forming movements of Miocene times 
that gave rise to the Alpine folds. In Pliocene and Pleistocene times the geological 
history of phytogeographical importance has been largely connected with disruption. 
The formation of the Aegean Sea, for example, is of geologically recent occurrence. 
It has even been suggested that early man may have witnessed part of its formation 
by the foundering of faulted blocks. The old land mass, the surrounding folded 
mountains, the subsidence to the south and east, and the resulting increased erosion 
of many highland parts has led to the peculiar isolation of various parts of the Penin- 
sula—an isolation reflected not only in floristic features but in human history from 
the Greek city states to the rise and frequent anatagonisms of the modern sovereign 
states. | 

Climatically, the Balkan Peninsula is included partly in the Mediterranean and 
partly in the Central European zones with transitional belts and many modifications 
associated with altitude and orientation. The area was, of course, affected by the 
Glacial Epoch, but, though the higher mountains in the north and centre were locally 
glaciated, there was no wide continuous ice sheet. It is, indeed, doubtful if there was 
much destructive modification of the flora as a whole at the peak of the Glacial 
Epoch but rather that there was enrichment by more northern elements immigrating 
into the existing flora. There was probably much more destruction with the on-coming 
of the cold in immediately pre-glacial times. The distinctions between the Mediter- 
ranean and Central European climatic zones are well known. The Mediterranean 
has hot dry summers with the main rainfall in the winter months which are relatively 
mild. In Central European climates the summers are warm the winters cold and the 
rainfall more or less distributed through the seasons. It follows that for plant life the 
most favourable periods for growth are in the Mediterranean zone the early summer 
and the autumn and in the Central European the summer. In the Mediterranean 
zone the summer drought is as much a limiting factor to growth as are the lower 
temperatures of winter. 

The soils of the Balkan Peninsula are extremely varied. Owing to great erosion, 
whose rate has been greatly multiplied by the destructive influences of man, they 
oe at armen: a eee: and. river valleys, but are often rich in 
Bee eas eee ah erest are the wide occurrences of terra rossa, or red 

, of J nes, soils derived from dolomitic rocks, and those from disin- 
tegration of serpentine. 

The major biotic influence is undoubtedly that of man. Above all the destruction 
of forest and prevention of its rejuvenation have modified the flora and the vegeta- 
tion. The climatic and edaphic conditions are favourable to the growth of high fat 
over most of the surface up to the altitudinal tree limits. The natural climax of forest 
differs from one area to another with climate and, to a less degree, other factors. 
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It is sometimes stated that the Mediterranean climate is not suited to tree growth but 
this is not true as a few now isolated ‘and still decreasing forests, of, for example, 
Pinus halepensis Mill., show. There is also clear historical evidence of the former 
existence of forests in very many parts now bare of tree growth, both in Mediterranean 
and Central European climatic zones of the Peninsula. 

The climatic, altitudinal, and biotic factors have combined to make marked 
altitudinal zonations of the flora and vegetation. In studying altitudinal zonation 
one has also to bear in mind the history of the flora from Tertiary times to the present. 


Some Salient Facts in the Evolution of Phytochoria of the Balkan Peninsula. 


We turn now to illustrate the evolution of floras by special reference to the Balkan 
Peninsula. A considerable amount of taxonomic and phytogeographical work has 
been done on the floras of this area in the last three decades, that is since I completed 
the text of my work The Plant Life of the Balkan Peninsula (Oxford, 1929). Much 
of the new research is included in the account of floral evolution that follows. We 
start with the Mediterranean areas. These include Crete, southern Greece, the 
Cyclades, the Adriatic coastal districts, and some parts of the northern Aegean coasts. 

Crete is particularly interesting since it is the largest island within our geographical 
boundaries, and because of its position between the Balkan Peninsula, Anatolia, 
and North Africa, its wide range of habitats from the sea coast to the mountains 
with Mt. Ida 2457 m., and its relatively long isolation together with the internal 
isolation of four principal mountain groups. Over 1450 species are recorded from 
Crete of which about 150 are endemic to the island. Many of these last are very 
distinct and taxonomically isolated. Included are representatives of two endemic 
genera—Petromarula (Campanulaceae) and Lyrolepis (Compositae). One species of 
the genus Ammanthus (Compositae) has recently been found in the southern Cyclades, 
otherwise the genus is endemic in Crete. The endemics, on the whole, show taxonomic 
affinities with taxa that have more eastern ranges. The known connections between 
the floras of Crete and North Africa, particularly Cyrenaica, have been slightly increased 
by recent discoveries, both in Crete and in Cyrenaica. However, these connections are 
still insufficient to postulate an important and a geologically recent influence of the 
floras of these areas one on the other. More westerly past land links between southern 
Europe and North Africa, between Sicily and Tunis and between Spain and Morocco, 
are phytogeographically much more in evidence floristically. The relationships 
between the floras of Crete and Anatolia are strong and are confirmed by the recent 
studies of the floras of Karpatos and the Aegean area with its numerous islands. 
Crete is closely connected floristically with Greece. One may say that, in general, 
studies of the ranges of taxa agree with the geological and geographical findings that 
Crete is the outer edge of an Aegean continent now largely sunk beneath the sea. 
There can be no doubt that interchange of taxa occurred across this continent which 
disintegrated in geologically recent times. As interesting as lines of immigration 
are the study of relict taxa and in situ formation of taxa in Crete. An example of 
altitudinally vicarious species may be mentioned : Chionodoxa cretica Boiss. et Heldr. 
is known from Sphakia, Ida, and Lassithi, 1300-1700 m., and C. nana Boiss. et Heldr. 
from the same mountains at altitudes between 2000 and 2300 m. There is a record 
of CO. cretica from Rhodes, but I have not been able to confirm this. As relict taxa 
we have Petromarula pinnata A.DC., whose nearest taxonomic relative is Podanthum 
an eastern Mediterranean genus, and Lyrolepis of the Carlineae tribe of Compositae 
only known from the island of Dia off northern Crete. are 

The Peloponnese and southern parts of continental Greece northof the Gulfof Corinth 
are within the Mediterranean Region, however this be defined. The topography 
which splits the surface into promontories, some islands, and mountain masses 
separated by plains or, at least, lower lying areas, has resulted in many isolated 
habitats which condition favours species formation as may also the great outcrop of 
limestones. The flora is consequently rich, with some 3000 species of which very 
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-tenth are endemic. An analysis of the flora shows again that it has an 
are pee basis of “‘ omni-Mediterranean ” taxa largely added to by immigra- 
tion from the east, a very considerable in situ evolution, and relatively few immigrants 
from the west and south and not many from the north. The im situ Gere Eee is 
particularly well exemplified by a study of the mountain floras. Many of the epee 
are endemic to Greece or at least to the Balkan Peninsula but time and again we fin 
they are related to species of lower altitude occurring in the same geographical 
areas. There is much altitudinal vicarism. This is seen in such genera as Astragalus, 
Allium, Silene, Salvia, Campanula, Achillea, Centaurea, and many others. 

The Cyclades are said to represent the unsubmerged remnants of a former Aegean 
continent. Floristically they are stepping stones between Greece and Anatolia. 
There are, however, many peculiar details in their floras. Attention may in particular 
be called to the fairly numerous species which “ jump ”’ the Cyclades. These are 
very often mountain plants and there is only one peak in the Cyclades over 1000 m. 
(in Naxos). It is also true that the Cyclades lack certain genera or subgenera that in 
other Aegean areas are rich in microspecies. There are about 36 endemic species 
known from the Cyclades but some of these need further collecting and examination. 
Very few are taxonomically isolated, though Eryngiwm amorginum K. H. Rechinger 
and Centaurea oliverianum DC. may be so classified. A good many are known from 
single islands, but this may be due to incomplete field work. A certain number of 
non-endemic species have the centre of their ranges in the Cyclades and may well have 
spread thence. , 

The extreme western margin of the Balkan Peninsula forms the eastern coast of 
the Adriatic Sea. A Mediterranean flora extends from western Greece northwards to 
southern Istria with gradual diminution in number of species and the development 
of some new endemic species. The general Mediterranean character of the coastal, 
lowland, and hill floras is certain though there is some mixture in places with species 
characteristic of other than true Mediterranean phytochoria and such become more 
abundant as one goes inland from the coast.or northward along the coastal areas. 
The most interesting phytogeographical feature is the long steep Dalmatian coast 
with the numerous peninsulas and islands. These have been unequally studied 
botanically but one would have expected a greater number of endemics than the 25 
to 30 so far recorded. The possible explanation is that the present insular isolation 
is geologically not very old so that few relicts of very limited ranges have been pre- 
served and few neo-endemics have arisen. 

The Aegean parts of Thessaly, South Macedonia, and Thrace, as well as the islands 
of the northern Aegean have a flora which is predominantly Mediterranean near the 
coast but is less typical than that farther south and only a short distance inland 
infiltration of more northern types is obvious. There is less endemism amongst the 
Mediterranean taxa and the mountain plants show more Tertiary relict or Central 
European affinities than in southern Greece. The influence of the Glacial (or Diluvial) 
Period is more marked on the flora as a whole than it is farther south. The Athos 
Peninsula is of very considerable phytogeographical interest. The peak (1935 m.) 
is of marble but much of the rest of the Peninsula has soils derived from non-calcareous 
rocks. The lower vegetation zones have a definite Mediterranean flora but the ridge 
has considerable extents of deciduous forest with Castanea, oaks, Fagus orientalis 
Lipsky and species of other genera. There are examples of inverted zonation due pre- 
sumably to “ frost pockets ” with Pinus halepensis Mill. and Erica communities above 
deciduous woodland. About 20 species are now known in this small area that have 
not been found outside it. Some of these are taxonomically rather isolated, as 
Helichrysum virgineum Griseb. and Silene orphanidis Boiss., but others are more or less 
closely related to northern or southern species. A peninsula such as Athos shows a 
degree of isolation only slightly less than that of an island, and the fact that its flora and 
vegetation has been interfered with by man less than that of most parts of the Medi- 
terranean Region, at least up to the last two decades, makes one wish it could be 
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mete dee international botanical reserve, at the cost of one hydrogen bomb or one 
sputnik. 

The areas in the Balkan Peninsula that, in general terms, are transitional between 
the true Mediterranean and definitely Central European phytochoria have their own 
botanical problems. There is a general tendency for the coastal and lowland floras 
to be more Mediterranean and the montane and high mountain floras to be more 
Central European. This is well seen in Thessaly, South Macedonia, and western 
Thrace and even in South Bulgaria. It is quite evident in these and other areas that 
one cannot usually draw a sharp line between the major phytochoria but only more 
or less broad transitional belts. There are many palaeoendemics especially in the 
mountains and these, on a variety of evidence, have to be largely accepted as Tertiary 
relicts. It is important to note that the Central European and, somewhat less, the 
transitional areas have mountain floras largely not immediately derived from the 
lowland floras and in this there is contrast with the Mediterranean floras. On the whole, 
the evidence is in favour of a northern and inland extension of the Mediterranean 
flora in post-glacial times. This is partly due to sight secular climatic changes and 
partly to the direct and indirect influence of man on the vegetation and flora. 

The Thessalian Mt. Olympus (2918 m.) has many features of interest as bordering 
a transitional area. Its lower zones have a Mediterranean flora but above these the 
flora becomes transitional and is characterized also by 15 to 20 endemics, of which 
some are old or very old relicts. These last include Ramonda (Jankaea) heldreichit 
Benth. et Hk.f., Brassicella nivalis O. E. Schulz, Achillea ambrosiaca Boiss., Centaurea 
transiens Hal., Campanula oreadum Boiss. et Heldr., and Verbascum malacotrichum 
Boiss. et Heldr., while younger endemics include Alyssum handelli Hayek, Cytisus 
demissus Boiss., Genista sakellariadis Boiss. et Heldr., Potentilla deorum Boiss. et 
Heldr., Peucedanum cnidioides Boiss. et. Heldr., Achillea olympica (Heim.) Hal., 
and Festuca olympica Vetter. A number of old endemics extend from Olympus to a 
few other mountains. Thus, Marrubiwm thessalum Boiss. et Heldr., Galium ossaewm 
Hal., and Allium heldreichii Boiss. and also found on Mt. Ossa to the south. 

The flora of Bulgaria is in the main Central European, but exceptions to this are 
the infiltrations of Mediterranean species and the older relicts and endemics. The 
steppe flora has also to be given separate consideration and the Pontic elements are 
important in the east. The Mediterranean infiltrations may be the most recent in 
the area and some are probably still extending their ranges. Of palaeoendemics 
there are many in the Rodope Massif, including Haberlea rhodopensis Friv., Trachelium 
rumelicum Hampe, Scabiosa rhodopensis Stoy. et Stef., Geum rhodopewm Stoy. et Stef., 
Astragulus alopecuroides L., Sideritis scardica Griseb., and many others. On the Rila 
are Rheum rhaponticum L., Pinus peuce Griseb., Primula deorum Vel., Geum bulgaricum 
Pant., and Sedum tuberosum Stef. On Ali Botus occur Viola delphinantha Boiss., 
Convolvulus nitidus Boiss., Rhamnus fallax Boiss., Fritillaria drenovskii Degen et 
Stoy., and others. The Rodope Massif is, for the most part, a very ancient land mass 
and probably has been such continuously for at least long before the advent of the 
angiosperms. Along the Stara Planina are Harberlea rhodopensis Friv., Prunus lauro- 
cerasus L., Daphne blagayana Freyer, Rhododendron kotschyi Simonk., Aesculus 
hippocastanum L., and other ancient elements. Special mention must be made of 
Astragalus physocalyx Fisch. which is now apparently extinct in its only recorded 
locality near Philippopel. Numerous endemics which are best regarded as neoende- 
mics are known for the Bulgarian flora especially in such genera as Dianthus, Cytisus, 
Thymus, Centaurea, Hieracium, Achillea, Verbascum, and Viola. The beautiful 
Anthemis sancti-johannis Stoy. Stef. et Turrill from the Rila probably comes into this 
category. Many of these “small” species may well be of post-glacial origin. Steppes 
in Bulgaria are largely of secondary origin following forest destruction by man. The 
steppe flora is heterogeneous. Much of it shows Mediterranean affinities but some 
species have immigrated from the east. The migration from south to north has occurred 
especially since the climate became warmer and drier in post-glacial times. On the 
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x t there are a number of endemics of which Lepidotrichum uechtritaanum 
PANE one triquetra DC. may be mentioned. The low Strandja aa 
in eastern Bulgaria and Thrace are particularly interesting. There is here a fine growt. 
of forest recalling that of the northern parts of Asia Minor and the western Caucasus. 
This is marked by the presence of Fagus orientalis Lipsky, some oaks, Rhododendron 
ponticum L., Daphne pontica L., Prunus laurocerasus L., Vaccinium arctostaphylos L., 
Epimedium pubigerum Morr. et Decne., Scilla bithynica Boiss., and T'rachystemon 

} le D. Don. ail ge 
tages convenient here to refer to several trees of special phytogeographical impor- 
tance. The beech is widely spread in the mountains, especially in the cloud-belt 
zone of the northern and central parts of the Balkan Peninsula. The common beech 
of the Peninsula is certainly variable in characters of both vegetative and reproductive 
parts, especially in details of the leaves and cupules. It has been refered to by some 
authors as a subspecies or variety (moesiaca) of Fagus sylvatica L. or even named as 
a species. Up to the present there is incomplete comparative evidence to make this 
view acceptable. It leads to error to compare populations in one country with indi- 
viduals in another and until full population studies are available over the whole range 
of Fagus sylvatica s.l. it is best to leave the microtaxonomy sub Judice. Another factor 
complicating the taxonomy of the beech in the Balkan Peninsula is the occurrence 
over a much greater, though disjoimted, range than was formerly known, of Fagus 
orientalis Lipsky. This species is now recorded from Thessaly, Athos, Thrace, Bulgaria, 
the Rodope Massif, and the Dobruja. Typically it is distinct from F. sylvatica in 
morphological characters and in ecology. However, there are many intermediates 
known, sometimes forming whole woods as above Aitos in the eastern part of the 
Stara Planina (Balkan Chain). These intermediates may be hybrids formed when the 
more northern common beech and the oriental beech extended their ranges and one 
introgressed into the other. The common beech is comparatively indifferent to soil 
conditions in the Balkan Peninsula and, so long as the substratum is well drained, 
it is found on silicate, limestone, igneous, and metamorphic rocks. Sometimes, 
however, it seems to avoid limestones nearer the southern parts of its range. Beech 
forests are, on the whole, better developed in the western than the eastern parts of the 
Peninsula. In some parts of Serbia and Bulgaria conifer woods are being superseded 
by beech woods. 

The firs of the Balkan Peninsula are Abies cephalonica Link to the south, as 
typically in many of the mountains of Greece, and A. alba Mill. to the north with a 
broad intermediate belt of trees with mixed characters that have been lumped together 
as A. borisit-regis Mattf. and which seem relatively indifferent to the nature of the soil. 
Whether this last represents a kind of gigantic hybrid swarm or whether it is a relict 
population from which Abies alba separated out and spread north, even farinto Central 
Kurope, and A. cephalonica (often only on calcareous soils) separated out and spread 
southwards remains an open question. There are other, taxonomically closely related, 
firs in Anatolia. 

Pinus peuce Griseb. is a beautiful tree endemic in Albania, North Macedonia, 
North Bulgaria, the Rodope Massif, Serbia, and Montenegro. It has five needle 
leaves on every dwarf shoot and is morphologically most nearly related to Pinus 
wallichiana A. B. Jackson (P. excelsa Wall.) of the western Himalaya. In the Balkan 
Peninsula it is a Tertiary relict. The same is true for the omorika spruce (Picea 
omortka Willk.) endemic in western Serbia, Montenegro, and Bosnia. This is the 
sole existing European representative of the section Omorika, whose other extant 
species occur in eastern Asia and North America. 

Platanus orientalis L. is native in Crete (where an evergreen variant occurs), 
Greece, South Macedonia, Athos, Thrace, and the Rodope Massif. The other known 
extant species of the genus are natives of America and, one, of Indo-China. The oriental 
plane is a Tertiary relict in the flora of the Balkan Peninsula and must have been 
isolated geographically for a long period of geological time. Yet genetically it is not 
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so isolated, since it has crossed with the American Platanus occidentalis L. to produce 
the London plane (P.x acerifolia) which is itself fertile, at least partially so, and 
produces offspring showing various intermediate or new characters. 

Aesculus hippocastanum L. is known as a native of Greece, the Pindus, Epirus, 
and North Bulgaria. The other species of the genus are natives of eastern Asia and 
North America. The discontinuities in the present natural range of both the species 
and the genus accord with the accepted status of the horse chestnut as a Tertiary 
relict. The wide spreading of the tree as an alien in Britain and other countries and. 
the biotypic variation it shows suggests that its present natural limitation in Europe 
is related to climatic changes within its original wider range and not to any deteriora- 
tion within the species. 

In the north-east of the Balkan Peninsula lies the Dobruja along the Black Sea 
up to the delta of the Danube. Here are the best developed steppes within the Penin- 
sula, though, as in Bulgaria, many of them are secondary following the destruction of 
woodlands. The present steppe flora is in origin a mixture of species that have 
immigrated into the area from the south and east and some probably from the 
Hungarian steppes. In its sum-total composition it is of Recent origin since it mainly 
occupies loess covered land of Pliocene or Pleistocene dates. Again, one notes the 
number of Mediterranean species or of species closely related to those centred in the 
Mediterranean Region. Immigration is the key to the Bulgarian and Dobrujan 
steppe phytochoria. Above the steppe lands in the north there rise hills of older 
rocks with oak and more rarely beech woods. The older higher lands show a consider- 
able number of old species including Fagus orientalis Lipsky, Pyrus elaeagnifolia 
Pall., and Corylus colurna L. Sophora prodanii G. Anderson may be of more recent 
origin. Other relicts of the Dobruja are Goebelia alopecuroides Burge, Syringa vulgaris 
L., and Comandra elegans Reichb. f. 

The interesting ash Fraxinus pallisae Wilmott is more widespread than was known 
when it was first described from the Danube delta. It occurs also in eastern Bulgaria, 
in the Mesta delta area in western Thrace, and near the Danube in eastern Serbia. 
With Frazxinus oxycarpa Willd. it hybridizes to form hybrid swarms. That it has 
originated polytopically from this species is a possibility. Recently it has flowered 
and fruited at Kew from trees grown from Thracian seed. 

The vegetation and flora of Yugoslavia, excluding the Adriatic coastlands, are 
essentially Central European but there is considerable evidence of infiltration of 
Mediterranean species into North Macedonia and Hercegovina and even much farther 
north. Serbia proper is the most inland of the areas of the Balkan Peninsula. The 
winter is often severe and in the early spring of 1956 a great many plants had been 
killed at Beograd, including the common box. Though the flora of Serbia includes 
180 Balkan Peninsular endemics there are only about 7 limited to Serbia proper. 
The much smaller area of Montenegro has about 20 endemic species, Bosnia 22, 
and Hercegovina 11. The southern part of Hercegovina has to be relegated to the 
Mediterranean Region ou the basis of its flora. South Croatia has 7 species known 
only from the area and Istria 7. 

Albania has been practically closed to western botanists since the end of the second 
world war. Its flora is extermely interesting and includes about 320 species endemic 
to the Balkan Peninsula and about 50 known only from Albania. Its mountains, 
together with those near its borders but politically in Yugoslavia or Greece, have been 
a refuge for many relicts, including Pinus peuce Griseb. Dioscorea balcanica Ko&anin, 
Forsythia europaea, Deg. et Bald., Wulfenia baldaccii Deg., and Ramonda serbica 
Pané. North-eastern Albania and the nearby parts of North Macedonia, Novi-Pazar, 
and Montenegro are particularly rich in relict species. There is some justification for 
saying that the mountain flora is conservative. The southern extension of the Alpine 
flora (in the true geographical sense of species with ranges centred in the Alps of Central 
Europe and not “alpine ” in the sense of merely occurring at high altitudes) in the 
western parts of the Balkan Peninsula has contributed an important element to the 
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flora. There is a general reduction in the number of Alpine species from north to 
south as shown by the following figures : South Croatia 146, Bosnia 171, Hercegovina 
127, Montenegro 173, Albania 108, Epirus 28, Greece 24, Crete 1. There is a marked 
break in the numbers of Alpine species somewhere in Albania, probably in a belt 
near the centre. : 

In the western parts of the Balkan Peninsula are the typical karstlands on lime- 
stones. These have certain well-known physiographic features such as little surface 
water, underground rivers, permeable terrain, great exposure of bare rocks, dolines, 
poljes, terra rossa soil, and so on, but there is more variation both locally and from one 
district to another than is often recognized. The limestones are mostly of Mezozoic 
and Cainozoic ages and thus differ from the limestone pavements etc. of western 
Yorkshire and other Carboniferous outcrops of northern England. Though great 
areas of karst are now devoid of trees, botanical observations and historical records 
both lead to the conclusion that this is a man-made feature. If man and his domesti- 
cated animals were eliminated the greater part of the karstlands would revert to forests, 
especially of oaks, though it might well take several centuries. The brushwood and 
ground floras are rich even when the vegetation is degraded. There is a considerable 
Mediterranean element with few true woodland plants that are not limited to still 
wooded localities. Karst phenomena are found in areas ouside the western Balkan 
Peninsula (from Istria and South Croatia to Montenegro) where they are best developed. 
Where limestones outcrop and are denuded of forest “ karsting ” commences when 
climatic conditions allow and increases when grazing and exploitation for firewood 
continues. Nowhere is the destructive and retarding influence of man on the flora 
and vegetation more striking than in the karst areas of Istria, Hercegovina, and 
Montenegro. 

In the western parts of the Balkan Peninsula there are also considerable outcrops 
of dolomite and serpentine rocks. These give soils with a selective influence on the 
flora and a number of taxa are limited to them. 

The probable history of the flora of the Balkan Peninsula has to be pieced together 
mainly from taxonomic, range, and distributional data and these interpreted in 
conformity with what is known of the geology and palaeometeorology. Direct and 
satisfactory evidence derived from fossil plants is still meagre. Some Tertiary deposits 
with plant remains have been described and we may note several of which accounts 
have been fairly recently published. In the Struma valley, beds dated as Miocene 
contained remains determined as belonging to the genera Sequoia, Glyptostrobus, 
LTaxodium, Carya, Betula, Ulmus, Salix, Populus, Quercus, Cinnamomum, Parrotia, 
Acer, Porana, Terminalia, Fraxinus, Myrica, Zelkova, Cassia, Fagus, etc. Pliocene 
strata rich in fossil plants have been studied in the plain of Sofia by Stefanoff and his 
colleagues. The conclusions reached are of phytogeographical interest. The climate 
was less continental and more oceanic than it is now. Especially there was more 
abundant Summer rainfall and greater humidity. There has been considerable 
reduction in the number of conifer genera in the area. The general result, presumably 
linked with the Glacial or Diluvial Period, has been a reduction in the number of 
common species in what were mixed forests, by extinction within the area or relegation 
toa relict nature of others, so that forests are now dominated by one or a few species. 
The fossil flora can, from this standpoint, be classified into several groups: (1) 
many species that are still common in Bulgaria or neighbouring areas ; (2) species 
still known in Bulgaria but which are now much restricted in range in this country 
as Prunus lawrocerasus L. and Rhododendron ponticum L.; (3) Mediterranean species 
whose northern limit of range is now farther south, as Quercus ilex L. Q. coccifera 
L., Olea europaea L., Arbutus andrachne L., and Laurus nobilis L.; (4) species of genera 
now extinct in the Balkan Peninsula, as T'suga, Cedrus, Pterocarya, Pasania Sassafras 
and Bumelia. One may wonder if the biotype constitution of the recorded Mediter. 
ranean species may not have been different from what it is now if the summers were 
wetter. Such biotype change is suggested by the statement that the fossils of evergreen 
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oaks show that Quercus ilex L., Q. coccifera L., and Q. suber L. segregated from a 
very polymorphic complex with evergreen habit. 

Bogs are rare in the Balkan Peninsula and are, with few if any exceptions, found 
only in montane and high mountain areas. Two recent accounts of pollen analysis 
have some conclusions of phytogeographical importance. In Serbia, near Vranje, 
is the Vlasina moor in a depression at 1200 m. From borings, Cernjaski recognised, 
from below upwards, a pine phase which, with increase in temperature, led to an 
oak phase, followed by a fir-spruce phase with increase in moisture, to the existing 
mixed beech-pine-fir phase of the montane climate. He concluded that the oak (oak 
mixed forest) phase of Vlasina is older than the beginning of the Atlantic phase in 
Central Europe. In the VitoSa near Sofia, Bulgaria there are, in the higher parts, 
numerous small bog deposits. Stoyanoff & Georgieff sampled eleven of these between 
1680 and 2200 m. The bogs were not all of equal size, depth, or exactly similar age. 
In the lower layers were found very considerable amounts of Abies pollen a genus 
that is now rare on Vito’a. Pine pollen, probably from Pinus peuce Griseb., was also 
abundant, though only a few individuals and isolated groups of this Tertiary relict 
are now to be found on VitoSa. Beech pollen tended to increase in the upper layers. 
This is in conformity with other evidence from the mountains of Bulgaria and neigh- 
bouring lands that in more recent times beech has replaced conifers. Other pollen 
found was of elements that are still present on Vito8a and it is concluded that there 
has been little qualitative but some quantitative change since the peat was formed. 
Comparison with the pollen analyses described for other countries suggest that the 
peat formation began in Subatlantic times. 

The general evidence is that the Glacial Epoch and specially its oncoming resulted 
in a twofold change in the flora of the Balkan Peninsula: first, in the central and 
northern parts there was such increase in severity of the climate that many species 
and genera were exterminated and many others were reduced to relict status, and 
secondly what had been more northern elements were “driven” southwards and found 
refuge in the Balkan Peninsula where they now occur mostly in the mountains. During 
and since the Glacial Epoch there have been climatic fluctuations. Mediterranean 
elements had their northern ranges pushed southwards and later, with the development 
of warmer and drier conditions, again extended northwards by infiltration. 

The influence of man on the vegetation and flora of the Balkan Peninsula has been 
very great. The Mediterranean Region is the cradle of modern western civilisation 
and from Minoan and Mycenean times onwards, if not earlier, forests have been 
destroyed and often prevented from rejuvenating, marshes have been drained, flocks 
and herds have been pastured from the lowlands to the uplands, new habitats have been 
created allowing spread of ranges to species able to colonize them, species hitherto 
geographically isolated have intermingled and sometimes hybridized, in many ways 
alien species have been introduced and some have established themselves even to 
become rivals to the native plants. 


Concluding Remarks. 


In illustrating the evolution of floras in the Balkan Peninsula it is obvious that only 
~ some of the major problems of phytogeography are included. and that there are 
considerable limitations due to incomplete knowledge in dealing even with these. 
Questions concerning floristic connections across what are now great ocean basins 
and the possibilities of sunken continents or continental drift have only remote 
relevance. It has to be noted, however, that there are as many, and as difficult, 
problems connected with disconitnuities of range of taxa over what are at present 
continuous continental surfaces as with discontinuities across the Atlantic, Pacific, 
Indian, or Antarctic (or Subantarctic) Oceans. Taxonomists can give numerous 
examples of such, though some phytogeographers appear to ignore them. While 
much is known about the geological hstory of the Balkan Peninsula there is relatively 
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little reliable palaeobotanical knowledge available concerning this area. Much 
remains to be done concerning the existing flora. Intensive collecting, especially in 
parts of Greece (in the sense of the modern kingdom), Thrace, Albania, and parts of 
Yugoslavia, is needed. Various genera require monographing by modern methods. 
Little is known regarding the cytogenetics of Balkan Peninsular plants from material 
of direct wild origin and it is obvious that there is a wide field of research here because 
of the large number of old and new endemics in many of the phytochoria. 

Enough is known, however, to make the following generalizations reasonably 
certain regarding the floras of the Balkan Peninsula and some, at least, of these 
generalizations hold for other areas of the world : 

1. In origin and development floras are generally complex. This is true for major 
phytochoria, such as the Mediterranean and Central European Regions, and for 
subdivisions within these. A “ flora ” is nearly always a mixture, not merely of taxa 
but of taxa of different phytogeographical origins, of different histories, and because 
of habitat diversity within an area, of different ecologies. 

2. In situ development, by mutation, hybridization, and segregation, gain by 
immigration of taxa and biotypes new to the area, and loss by emigration or dying 
out, have all occurred. 

3. Present ranges can frequently be correlated with existing climatic, edaphic, 
and biotic factors but it is clear that such ranges are only relatively stable. 

4. The ranges of many taxa have had a variable history that can sometimes be 
correlated more or less closely with known facts of the geology of the area, but some 
remain puzzling. Intensive autecological studies, observational in the field and experi- 
mental, combined with cytogenetical research might throw much light on some of these. 

5. There are numerous difficulties and risks of error in the synthetic approach to 
taxonomy and phytogeography and many conclusions must remain tentative. In 
synthesis we meet especially the dangers of speculation. There is always the need to 
keep facts and hypotheses distinct, and to remember that the former are always 
incomplete as soon as they cease to be isolated while the latter are always liable to 
alteration. On the other hand, the advantages of attempting to link up the different 
approaches to one main subject are very great. Light is often thrown on what at 
first seem to be isolated problems. Thus, a phytogeographical classification often 
elucidates taxonomic difficulties while reciprocally a new taxonomic classification 
may solve a phytogeographical problem. The synthetic method at least avoids the 
Sata of extreme analysis that one merely learns more and more about less and 
ess. 
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INTRODUCTION 


Tus short review is intended to serve as an introduction to the great volume of 
new information on animal cell structure which has become available in recent years 
as a result of applying electron microscopy to cytology. It is proposed to present 
current knowledge of the fine structure, or submicroscopic morphology, of animal 
cells in terms of the basic features which appear to be common to all such cells. To 
illustrate the points discussed, examples have been chosen from cell types which 
show each situation in an average way, the extremes of variation which can be found 
in many highly specialized cells being beyond the scope of the present communication. 
In addition, the start which has been made on linking morphological study with 
biochemical work will be considered and other fields to which it is thought important 
to extend this type of combined investigation will be indicated. 

It is only about 13 years since the electron microscope was first used in the study 
of cells and about six years since the introduction of satisfactory thin sectioning 
techniques allowed substantial progress to be made. It is not surprising therefore 
that the present stage of the subject is one of exploring and describing normal struc- 
tural organization in cells ; immediately ahead lies the next stage of finding out how 
the various structures work and why. é; 


EARLY STUDIES WITH WHOLE CELLS 


The main problem in examining cells with the electron microscope arises from the 
feeble penetrating power of the electron beam ; objects have to be either extremely 
small or extremely thin if they are to be traversed by the electrons and resolved. 
Of almost equal importance is the fact that an electron beam can only be projected 
in vacuo; thus, any object placed in it must be thoroughly dry and in practice 
biological specimens are usually both fixed and dehydrated before examination. 


1 The substance of this communication was presented as an invited contribution to a sympo- 
sium on‘ The uses of the electron microscope in biology ’, held by The Linnean Society of London 
on 28 and 29 March 1958. 
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Before the technical difficulties involved in cutting thin sections of cells had been 
overcome, the only way to get cells thin enough for electron microscopy was to 
induce them to spread themselves widely in a thin layer. Porter and Claude at the 
Rockefeller Institute were the first workers successfully to examine cells with the 
electron microscope (Porter, Claude & Fulham, 1945) and to do this they made use 
of cells which had. spread thinly in tissue culture. Their findings can be illustrated 
by thinly spread cells prepared by a slightly different but exactly comparable method 
(Epstein, 1955) and a phase contrast photomicrograph of such a cell is shown in 
Pl. 5, fig. 1. The cell is alive, comes from a chicken and is of a type which is related 
to a macrophage. The nucleus and nucleoli can be seen as well as filamentous mito- 
chondria, vacuoles and numerous lipoid bodies. PI. 5, fig. 2 shows an electron micro- 
graph of an identical cell at a slightly higher magnification ; this cell has of course 
been fixed—osmium vapour was used—but it shows all the features present in life 
(cf. Pl. 5, fig. 1). In addition, however, the cytoplasm contains a meshwork of 
chains of vesicles ; it has collapsed down into one plane in drying the cell for electron 
microscopy, but before this extended through the cell in three dimensions. Porter 
has given this system of membrane bounded vesicles the name of endoplasmic reti- 
culum (Porter & Thompson, 1948; Porter & Kallman, 1952) and since he and his 
colleagues were the first to describe it (Porter, Claude & Fulham, 1945), it is proposed 
to adhere to the terminology which they introduced. 

Pl. 5, fig. 3 shows part of the peripheral cytoplasm of a thinly spread cell at higher 
magnification. The essential continuity of the chains of vesicles of the endoplasmic 
reticulum is clear. 


CELL STRUCTURE AS SEEN IN THIN SECTIONS 
Introduction 

A number of advances coming at about much the same time, made it technically 
possible to cut sections of cells thin enough for examination with the electron micro- 
scope. Thus, a method for collecting fragile sections on fluid in a trough attached 
to the knife edge was first reported by Claude (1947-48), Newman, Borysko & Swerd- 
low (1949) introduced a material sufficiently tough to support thin sections by using 
plastics for embedding, a satisfactory new cutting surface was provided by fractured 
glass (Latta & Hartmann, 1950), whilst an adequate fixative resulted from Palade’s 
study of veronal-buffered osmium tetroxide (Palade, 1952 a). 

These innovations led to work in the course of which much new information 
became available about the endoplasmic reticulum as well as about the classical cell 
structures. The early observations made on sectioned material proved difficult to 
interpret at first, owing to the problem of three-dimensional reconstruction ; struc- 
tures were seen only in profile and severed from all continuity as they lay within the 
thin segment formed by the section. Various terminologies were used by different 
investigators (Sjéstrand, 1953 ; Weiss, 1953; Sjéstrand & Rhodin, 1953) ; however, 
studies on serial sections and contributions by those who had already worked on 
whole cells and were therefore aware of the continuity of such things as the endo- 
plasmic reticulum, helped towards clarification (Palade & Porter, 1954; Palade, 
19550 ; Palay & Palade, 1955). It is now apparent that all animal cells so far 
examined, apart from adult erythrocytes, contain the same basic structures ; differ- 
ences in the arrangement and the relative preponderance of the structures occur and 
correspond to differentiation and function, but the basic structures are always to be 
found no matter what type of animal cell is studied. ‘ 

With regard to these basic structures, in the context of an introductory survey 
they are best considered in their most usual average forms. For example, Pl. 6 
fig. 4 shows a survey electron micrograph of a thin section through a mouse macro- 
phage. The nucleus is of course obvious, as are the lipoid bodies and mitochondria 
in the cytoplasm. For the rest, the cytoplasm is filled with a large number of 
membrane-bounded cavities of various sorts which all, according to the Rockefeller 
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school of Porter and Palade, form part of the endoplasmic reticulum (Palade, 1956 a ; 
Porter, 1956-57). irstly, there are the simple smooth surfaced vesicles which, when 
their continuity is unbroken by sectioning, correspond to the meshwork of chains of 
vesicles seen in whole cells (Pl. 5, figs 2 and 3). Next, there is the component con- 
sisting of flattened elongated profiles whose limiting membranes are not smooth, 
but rough, as can be clearly seen in micrographs taken at high magnification (Pl. 7, 
fig. 6, Pl. 8, fig. 7, Pl. 9, fig. 9, Pl. 10, fig. 12 and Pl. 11, fig. 13). Lastly, in the centro- 
some region of the cell small smooth vesicles and cisternae are associated, arranged 
in a characteristic structure which has been identified with the site of the so-called 
“ Golgi apparatus ’ by various workers (Dalton & Felix, 1954; Sjostrand & Hanzon, 
1954 b; Lacey & Challice, 1956). 


The Endoplasmic Reticulum 


Morphological divisions.—(1) Taking the smooth-surfaced vesicles first, it should 
be noted that it is often possible to see that some of the chains in which they are 
arranged terminate by opening at the cell surface. This is illustrated in Pl. 6, fig. 5 
which shows that where a vesicle at the end of a chain opens in this way, its limiting 
membrane becomes continuous with the plasma membrane. Findings of this type, 
many examples of which have recently been listed by Palade (1956 a), recall, despite 
their small scale, the phenomenon of pinocytosis which has been observed in cultured 
cells of many kinds since it was first described by Lewis (1935-36). 

(2) Looking next at the flat rough-surfaced elements, it can be seen in both the 
mouse and the chicken cell of Pl. 7, fig. 6 and Pl. 8, fig. 7 respectively, that these 
tend to be preferentially orientated in roughly parallel array and often lie roughly 
parallel to the nucleus ; the electron-dense particles attached to the outer surface 
of the limiting membranes of these structures and responsible for their ‘rough’ 
appearance, are also evident. Sjéstrand (1953) regards these elements as being 
essentially pairs of double membranes lying free in the cytoplasm and has described 
them as such in various types of cell (Sjéstrand & Rhodin, 1953; Sjostrand & 
Hanzon, 1954 a). However, it can be seen from PI. 7, fig. 6, Pl. 8, fig. 7, PAS SF on 9 
Pl. 10, fig. 12 and Pl. 11, fig. 13 that each parallel pair of membranes is continuous 
terminally, thus enclosing a space. It appears therefore that the Rockefeller school 
are right in their interpretation (Palade & Porter, 1954 ; Palade, 1955 b) and that 
the flat elements represent the profiles of membrane-bounded cisternae. 

Palay & Palade (1955) have reconstructed the usual three-dimensional arrange- 
ment of the rough-surfaced cisternae of the endoplasmic reticulum diagrammatically, 
as shown in the text-figure ; in sections it is, of course, the cut edges of the cisternae 
which are usually seen. The Rockefeller group have some justification for regarding 
these cisternae as being part of the endoplasmic reticulum since they are mani- 
festly membrane-bounded cavities. Furthermore, in thinly spread whole cells 
(Pl. 5, fig. 2), not only are the cisternae apparent as moderately electron-dense sheets, 
but the chains of simple vesicles appear to join them. 

Apart from the attached particles the other characteristic of these cisternae is 
their spacing, for they always lie about 150 my apart (Eiae7 aig. © and Pl. 8, fig: 7). 

(3) The smooth-surfaced structures of the centrosome region (‘ Golgi apparatus ’) 
are shown in a mouse macrophage in Pl. 8, fig. 8. They consist of smooth vesicles 
closely associated with piles of smooth-surfaced cisternae ; the latter are arranged 
much as the rough ones considered above, except that they are always in this region 
of the cell, always associated with the vesicles and always packed close together. 
Where such cisternae are cut obliquely so that their walls lie almost in the plane of 
the section (PI. 8, fig. 8), it is obvious that they have no particles attached to them. 

The membranous structures of the centrosome region always possess this charac- 
teristic arrangement ; Pl. 9, figs 9 and 10 show examples from chicken cells of fibro- 
blast type. In such cells junctions have been observed between rough- and smooth- 
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ities (Epstein 1957 b) similar to those previously described in neurones 
ie Palade 985), pameiieeen (Palade, 1955 b) and pancreatic exocrine cells 
(Palade & Siekevitz, 1956 b). The presence ee poise vou fe confirm that 

- and smooth-surfaced structures are part of a continuous system. 

Sin Now it can be seen in PI. 6, fig. 4, Pl. 7, fig. 6, Pl. 8, figs th and 8, PI. 9, Hg. : 
and Pl. 10, fig. 12 that the nuclear membrane is double; this feature was firs 
described in neurones by Hartmann (1953) and has subsequently been found to be 
present in all animal cells which have been examined. In addition, the nuclear 
membrane contains pores (Pl. 7, fig. 6, Pl. 8, figs 7 and 8, Pl. 9, figs 9 and 10, Pl. 10, 
fig. 11); that this can occur in certain amphibian oocytes has been known for some 
time (Callan & Tomlin, 1950), but studies on sectioned cells have shown it to be a 


a 


Trxr-ri¢.—Diagrammatic representation of the highly orientated type of endoplasmic reticulum. 


The construction is characterized by a pilmg of two dimensional reticula, or reticular sheets, 
each sheet being made up of large, flattened vesicles described as cisternae (cz), connected 
by tubules (¢) and strings of small, spherical vesicles. Some cisternae are fenestrated ( fale 
Anatomoses (7) connect adjacent reticular sheets and maintain the continuity of the 
endoplasmic reticulum even in such highly orientated forms. 

The diverse forms under which the endoplasmic reticulum appears in sections ean be obtained 
by passing planes of sections through the diagram at various angles of incidence. 


For a complete representation, the surface of the reticular sheets should be studded with small 
granules, 


(After Palay & Palade (1955), by courtesy of the authors and the J. Biophys. Biochem. Cytol.) 


feature common to a vast number of animal cells ranging from mammalian neurones. 
(Palay & Palade, 1955) to insect salivary gland cells (Bahr & Beermann, 1954). 
These pores are best seen in sections which pass through a cell in such a way as to 
cut the nucleus tangentially and include the nuclear membranes within the section 
so that they can be seen full face. This situation is shown in Pl. 9, fig. 10 in a cell 
from a chicken sarcoma; the pores are readily observed in the thin sliver of the 
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nucleus included where the section has grazed the nuclear surface. At higher magni- 
fication the round pores are very evident (Pl. 10, fig. 11). J 

Besides pores, there is another feature of the double nuclear membrane which 
must be considered. Watson (1955) has shown that elements of the endoplasmic 
reticulum communicate with the space between the double nuclear membranes in 
certain splenic cells and that where this happens, the limiting membrane of the endo- 
plasmic reticulum becomes continuous with the outer nuclear membrane. The 
perinuclear space has also been seen to communicate with smooth vesicles of the 
endoplasmic reticulum in lymphocytes (Palade, 1955 b) and with short rough-surfaced 
cavities in granulocytes (Palade, 1955 b) and macrophages (Epstein, 1957 a). In 
Rous fowl sarcoma cells frequent communications between this space and well 
developed rough-surfaced cisternae have been observed (Epstein, 1957 b); Pl. 10, 
fig. 12 shows part of the nucleus and adjacent cytoplasm of such a cell with the cavity 
of a rough-surfaced cisterna opening into the perinuclear space. Where the opening 
takes place the limiting membrane of the cisterna becomes continuous with the outer 
nuclear membrane and these membranes, with their attached particles, resemble 
one another closely. Another similar type of communication can often be found 
where a rough-surfaced cisterna lies parallel to the nucleus ; here the communication 
takes place through a side branch which the study of serial sections has shown to be 
tubular (Epstein, 1957 b) rather than cisternal in structure. 

Current concepts—In considering the membrane-bounded cytoplasmic spaces 
as a whole certain points require to be borne in mind. Firstly, there is the fact that 
rough- and smooth-surfaced cavities are known to communicate. Next, there is the 
finding that simple vesicles open at the cell surface. Thirdly, as has been discussed 
in relation to the example shown in Pl. 10, fig. 12, there is the question of com- 
munication between the cytoplasmic cavities and the perinuclear space. 

It was because of this last type of finding that Watson (1955) suggested that the 
nuclear envelope might merely be a specialized form of rough-surfaced cisterna, for 
not only has its outer layer the same morphology as the walls of such cisternae but 
it is also continuous with them. Morphologically at least, all these elements seem 
to be continuous and current ideas on them (Palade, 1956a; Bennett, 1956) tend 
increasingly to regard them all as forming part of a single interconnected system, 
the endoplasmic reticulum, extending from the cell exterior right through to the 
nucleus. Thus, the first concept of the endoplasmic reticulum derived from early 
studies of whole cells in which the continuity of the system was apparent (Porter, 
1953) has been confirmed by the more thorough investigations of recent times 
(Palade, 1956 b; Porter, 1956-57 ; Porter & Palade, 1957) made possible by the 
development of thin sectioning techniques. 

If each morphologically distinct element of the endoplasmic reticulum—that is 
to say, rough-surfaced cisternae, packed smooth-surfaced cisternae with associated 
vesicles, simple smooth vesicles and nuclear envelope—is looked upon as being merely 
a local area of differentiation, one becomes prepared for the next step in this field 
of work. For although at the moment the functions of these differentiated regions 
are unknown, one of the most important things to be done in the immediate future 
is to establish what these functions are. 


Cytoplasmic Particles 

The particles attached to the walls of the rough-surfaced cisternae of the endo- 
plasmic reticulum have been mentioned several times. Now if such a cisterna is cut 
obliquely so that its wall lies almost parallel to, and within a section, a full-faced 
view of the wall can be obtained. PI. 11, fig. 13 shows an example of this in an avian 
cell of fibroblast type ; a rough cisterna is cut transversely in one part, but then its 
orientation changes so that its wall comes to lie in the plane of the section with the 
outside exposed to view. The particles attached to the wall are clearly visible and 
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can be seen to be arranged in ordered patterns forming chains, spirals and rosettes. 
Such patterns have been observed in a large number of different cell types, mammalian 
neurones (Palay & Palade, 1955), glandular cells and plasma cells (Palade, 1955 a) 
being amongst the earliest described. aes 

The cytoplasmic particles usually measure about 15 mp in diameter. They were 
first reported independently by Sjostrand (Sjostrand & Rhodin, 1953) and by Palade 
(1953) and the latter (Palade, 1955 a) has subsequently studied them in a wide variety 
of cells. It is now clear that they are a constant feature of all animal cells, being 
present in profusion in some types and in small numbers in others. Where they are 
abundant they may be arranged in various ways (Palade, 1955 a) ; either they are 
predominantly attached to the rough endoplasmic reticulum as in glandular cells, 
macrophages and fibroblasts (Pl. 11, fig. 13), or they may be both attached in this 
way and lying free in the cytoplasmic matrix between the rough cisternae as in Nissl 
bodies, or again they may simply lie free in the cytoplasm as in embryonic cells, 
young lymphocytes, proliferating epithelial cells and undifferentiated malignant 
cells. The particles are always associated with basophilia and their absence with 
acidophilia, and there is considerable morphological evidence to show that they 
alone are responsible for the basophil staining of cytoplasm (Palade, 1955 a ; Epstein, 
1957a; Palade, 1958) rather than the membranes of the endoplasmic reticulum to 
which they adhere in certain situations. More important by far are the results of 
combined morphological and biochemical studies of the particles and associated 
membranes from both liver and pancreatic cells (Palade & Siekevitz, 1956 a and b) 
which have shown that the particles are, in contrast to the membranes, composed 
of the ribonucleoprotein which is known to be largely responsible for cytoplasmic 
basophilia. On the other hand, some workers have advanced the view that basophilia 
in certain cells is a function of both the membranes and the particles of rough cis- 
ternae (Bernhard, Haguenau, Gautier & Oberling, 1952) and have applied the 
classical term ‘ergastoplasm’ to this recently resolved complex. At the present 
time it is mainly in France that ‘ ergastoplasm ’ is used to describe rough-surfaced 
elements of the endoplasmic reticulum (Haguenau, 1958). 


Mitochondria 


Mitochondria were amongst the first organelles to be studied when thin sectioning 
techniques became available. Their fine structure is absolutely typical (Palade, 
1952 b ; Sjostrand, 1953) and has been found to be relatively constant in a very 
wide range of animal cells (Palade, 1956 b). According to Palade (1956 b) each 
mitochondrion is bounded by an outer limiting membrane separated by a narrow 
space from a further membrane bounding an inner chamber. This second membrane 
is folded into shelf-like projections which protrude into the inner chamber partitioning 
It incompletely ; the folds are usually designated cristae mitochondriales (Palade, 
1952 b) and the central light part of each crista is continuous with the outer space 
which lies between the two membranes. The relatively electron-dense material 
in the inner chamber is referred to as the mitochondrial matrix. Mitochondria 
from a chicken striated muscle cell are illustrated in Pl. 12, fig. 14 and show all the 
features just described. In contrast, Sjéstrand believes (Sjéstrand, 1953 ; Sjostrand 
& Rhodin, 1953) that the cristae are not infoldings of the limiting membranes, but 
rather ital Cie aes formed by quite separate double membranes which 
approach the limiting membranes mor i 
sits pee pattie e or less closely, depending on the type of cell 

Mitochondrial structure varies considerably in the details of its arrangement 
according to the species and cell type from which the organelles come ; for example 
in protozoal cells tubular rather than shelf-like infoldings are found (Sedar & Porter, 
1955). Nevertheless, no matter what origin a cell has and no matter how specialized 
Ie Aaa it may be, its mitochondria always show the same basic charac- 
eristics. 
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Nucleus and Nucleolus 


Electron microscopy has unfortunately contributed little to knowledge of the 
nucleus and nucleolus. Both these structures merely appear finely granular in 
electron micrographs of sections (Pl. 6, fig. 4, Pl. 7, fig. 6, Pl. 8, figs 7 and 8, Pl. 9, 
figs 9 and 10, Pl. 10, figs 11 and 12). Similarly no significant morphology has been 
found in chromosomes during mitosis. In meiosis, certain chromosomes have been 
found to contain filaments or ‘cores’ (Moses, 1956; Fawcett, 1956), but what 
meaning should be attached to them is not yet. clear. 

Tn connection with cell division it may be noted that the centriole has been 
studied in several cell types by Burgos & Fawcett (1955), de Harven & Bernhard 
(1956) and by Porter (1956-57); the latter has discussed the similarity of this 
structure to that of ciliary basal bodies and has also, at the same time, reviewed the 
fine structure of cilia in a wide variety of animal cells. 


NATURE OF THE HLECTRON Microscore IMAGE oF CELL FINE STRUCTURE 


The fact that the same type of image is obtained in the electron microscope with 
cellular material from many sources fixed in various ways (Palade, 1952 a; Luft, 
1956) as well as frozen dried (Sjostrand, 1953), makes it apparent that this image 
really does reflect something that is present in life. How close the correspondence 
is cannot yet be established, but it would seem to be a fairly good approximation 
and certainly it is the best that is available. Whether what are described for the 
sake of convenience as membranes, actually are membranes or merely the sites of 
interfaces or molecular layers preserved by fixation, cannot be deduced in the present 
state of knowledge. But the fact that these things can be detected at all provides 
a means of finding out about them. 

Sectioned animal cells, when seen in the electron microscope, appear to have a 
firm rigid structure, but this, of course, is merely the result of a limitation imposed 
by the instrument. Thus, since only dried, and usually fixed, material can be 
examined, the image obtained bears much the same relationship to the situation in 
life as does a ‘ still’ to the film from which it is taken. It is clear from light micro- 
scope observations made on living cells, particularly where phase contrast is used 
and the results recorded by time-lapse cinematography, that cells and their contents 
are in a constant state of motion and constantly undergoing changes in internal 
arrangement. Electron micrographs are unfortunately only able to give a picture 
of the situation in a given cell at a given instant ; it must always be remembered that 
the structures revealed by the electron microscope are no doubt, during life, continu- 
ally altering the details of their relationships and patterns. 


FutTuRE PROGRESS 


The work which has been discussed so far has been concerned entirely with morph- 
ology ; this is because the subject under review is in the stage where morphological 
observations are still being collected. An immense amount of descriptive study is 
going forward as more and more types of cell in more and more types of organism 
have their normal fine structure defined. This is all to the good, but the next steps 
must soon be taken and three lines of work in particular seem likely to yield results 
of outstanding importance in the immediate future. 

The first of these is concerned with linking morphology to biochemistry. Since 
the pioneer experiments of Claude (1944; 1946 a and b) much biochemical work 
has been concentrated on separating cell constituents by differential centrifugation 
and studying the activities of the different fractions. The mass of information 
accumulated (de Duve & Berthet, 1954) must now be correlated with morphology. 
A start has in fact been made by Palade & Siekevitz (1956 a and b) who have recently 
shown, by cutting sections of pellets, that the so-called ‘microsome ’ fraction consists 
of portions of rough-surfaced membranes of the endoplasmic reticulum with their 
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articles. These two constituents have been separated and the way has 
Dae to studying the functions of each. For, although ee on 
considered by many workers to be concerned in protein synthesis (Campbell, 1958) 
the exact role of the membranes and particles involved, is not known. This must 
be established and similar study extended to the other elements of the endoplasmic 
reticulum ; besides finding out of what the various structures are composed, it is 
also essential to find out what they do. ‘ ales 

Some progress has already been made in correlating structure and function in 
the case of mitochondria (Watson & Siekevitz, 1956; Siekevitz & Watson, 1956) 
but an enormous amount remains to be done. The number of cristae in mito- 
chondria from different types of cell must be correlated with the oxidative enzymes 
they contain, the activities of mitochondria from highly specialized cells must be 
explored and correlated with their intracellular localization and the variation between 
the number of cristae and the amount of matrix in different types of mitochondria 
must be investigated and explained. 

Valuable contributions towards the solution of this problem of correlating morph- 
ology and biological activities at the level of cell fine structure, are likely to come 
from studies in which electron microscopy is integrated with cytochemistry, provided 
always that a highly critical approach is made to cytochemical techniques in the way 
recently indicated by Holt and his co-workers (1958). 


EXPLANATION OF PLATES 


All the figures, apart from the first one, are electron micrographs ; those shown in Figs 4 to 14 
are of thin sections. 


PLATE 5 


Fie. 1.—Phase contrast photomicrograph of a thinly spread living fowl cell of macrophage type. 
The nucleus, containing several nucleoli, lies above and to the left of the centre of the cell ; 
many small dark lipoid bodies, clear vacuoles of various sizes and filamentous mitochondria 
can also be seen. x 1500. 

Fic. 2.—Survey picture of an exactly similar cell to that shown in Fig. 1, but fixed with osmium 
vapour. All the features present in the living cell can be distinguished and in addition, 
elements of the endoplasmic reticulum can be seen in the cytoplasm. These consist of 
chains of vesicles (v) and flat cisternal sheets (c) which in some places are superimposed 
in parallel array (cc). The two types of element appear to be connected, as for example, at. 
x 3750. 

Fie. 3.—Detail of cytoplasm from a thinly spread cell comparable to those shown in Figs 1 and 2. 
The essential continuity of the chains of collapsed vesicles of the endoplasmic reticulum 
is very evident. x 22,500. 


PLATE 6 


Fie. 4.—Survey picture of a mouse macrophage. The nucleus (n) is surrounded by a double 
membrane and in the cytoplasm prominent lipoid bodies (li) and mitochondria (m) can be 
seen. In addition, the cytoplasm contains the following elements of the endoplasmic 
reticulum :—simple smooth-surfaced vesicles (ers), rough-surfaced cisternae (err) and in 
the centrosome region at pes, vesicles associated with packed smooth cisternae (‘ Golgi 
apparatus’). x 13,500. 

Fie. 5.—Undifferentiated rapidly growing mouse cell ; detail of peripheral cytoplasm. The cell 
wall (cw) crosses the field and smooth-surfaced vesicles of the endoplasmic reticulum (ers) 
lie in the cytoplasm beneath it in a chain. One of the vesicles opens at the cell surface 
through a flask-neck connection (arrow). x 45,000 


PLatTe 7 


Fie. 6.—Mouse macrophage. The nucleus lies at the bottom right-hand side of the figure and its 
double membrane contains pores (arrows). A few smooth vesicles are present (ers), but 
most of the endoplasmic reticulum in the area of the cell shown in the field is of rough- 
surfaced type (err) and consists of cisternal elements covered with moderate numbers of 
small particles, arranged roughly parallel to one another and to the nuclear membrane 
and lying about 150 mu apart. In addition, mitochondria (m), a lipoid body (i) and 
phagocytic vacuoles (dv) are also present. x 45,000. 
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PLATE 8 


7.—Fowl cell of fibroblast type. The nucleus bounded by its double membrane lies at the 
bottom of the field and the cell wall (cw) runs up on the extreme right. Numerous rough- 
surfaced cisternae (err) lie in the cytoplasm in roughly parallel array orientated roughly 
parallel to the nucleus. Many small particles are attached to the walls of the cisternae 
and some lie free in the cytoplasm as at p. A mitochondrion (m) and a large vacuole (v) 
are also present. x 60,000. 

8.—Centrosome region of a mouse macrophage. The granular nucleus lies on the left and 
the double nuclear membrane contains the usual pores (arrows). Near the nuclear 
indentation the cytoplasm contains several piles of packed smooth-surfaced cisternae (pcs) 
associated with smooth vesicles (vs) ; this type of complex has been identified as the site 
of the ‘ Golgi apparatus’ by several workers. One of the piles of smooth cisternae has 
been cut obliquely (peso) so that it lies parallel to, and in, the plane of the section affording 
a full faced view of its walls ; it is clear that there are no small particles attached to this 
structure. A mitochondrion can be seen at m. X 37,500. 


PLATE 9 


9.—Centrosome region of a fowl cell of fibroblast type. The nucleus occupies the left-hand 
edge of the field and its double membrane shows several pores (arrews). Characteristic 
piles of packed smooth cisternae (pes) and associated smooth vesicles (vs) lie in the juxta- 
nuclear cytoplasm. Convoluted rough cisternae of the endoplasmic reticulum (err) lie 
on the right and their attached small particles are especially well seen where the cisternal 
walls have been cut obliquely (0b). x 60,000. 

10.—Chicken fibroblast. The central part of the cell runs across the field with the upper 
cell wall (eww) bounding a large intercellular space (s) ; the lower cell wall (cw) lies against 
a neighbouring cell except in the bottom right-hand corner of the figure where a small 
intercellular space (ss) is interposed. Above and on the right a thin sliver has been cut 
from the dome of the nucleus (n) where the section has grazed the nuclear surface; a 
portion of the double nuclear membrane has thus been included in the plane of the section 
and can be seen full face with its frequent pores. In addition, the cytoplasm contains 
groups of scattered particles (p), a rough-surfaced element of the endoplasmic reticulum 
(err), some simple smooth-surfaced vesicles (ers) and several piles of packed smooth 
cisternae (pes) with their associated small vesicles (vs). x 30,000. 


Prate 10 


11.—Detail of the nucleus of a fowl fibroblast shown in a section which has cut the nuclear 
surface tangentially and included a sliver from it in the plane of the section ; the nuclear 
pores (p) are very evident. Small particles lie in the cytoplasm frequently arranged in 
chains (c) and spirals (s). X 75,000. 

12.—Portion of the nucleus and neighbouring cytoplasm of a Rous fowl sarcoma cell. The 
granular nucleus on the left of the field is bounded by a double membrane ; at x the peri- 
nuclear space is connected to the lumen of a rough-surfaced cisterna of the endoplasmic 
reticulum (err), the outer nuclear membrane (nm) with attached particles being continuous 
with, and similar to, the cisternal membrane (mp). Other rough cisternae can be seen 
with a few groups of free particles lying in the cytoplasmic matrix between them. 
< 80,000. 


Prare I] 


13.—Detail of cytoplasm from a fowl fibroblast. Rough-surfaced cisternae of the endoplasmic 
reticulum fill the field, one (err) running from the top right-hand corner to the bottom 
left corner. In the upper part of its course this cisterna has been sectioned transversely, 
but in the centre of the field its orientation changes and lies almost parallel to the plane 
of the section with its walls included in the section in full face view. It can be seen that: 
the particles attached to the walls of the cisterna are arranged in chains (c), spirals (s) 
and rosettes (r). x 120,000. 


Puare 12 


14.—Detail of chicken striated muscle cell. A pair of mitochondria lie in the sarcoplasm 
roughly at right angles to the various bands, the most obvious of which are indicated (2) ; 
myofilaments fill the remainder of the field. The two limiting membranes of the mitochondria 
can be seen at x, whilst infoldings of the innermost of these layers to form the erstae 
mitochondriales are evident at y. At such places it can be seen that the space within 
each crista is continuous with the space or chamber lying between the two limiting 
membranes. > 140,000. 
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The second. general line of work which should be pursued with vigour in the next 
few years is, in a sense, an extension of the first. The membranes and particles. 
which go to make up the fine structural organization of cells require morphological 
study at a level of resolution approaching the dimensions of molecular arrays. Al- 
though here too a start has been made and the three-layered nature of the plasma 
membrane reported (Zetterquist, 1956), a vast field remains to be explored and 
future findings will have to be linked with function if vital processes are to be under- 


stood. 
The third line of work which has been opened up by the new knowledge of cell 


structure is concerned with physiology, pathology and pharmacology at the sub- 
cellular level. A good idea of the normal fine structure of cells has already emerged ; 
even before the nature and function of the structures defined morphologically are 
known, the changes in them which are brought about by drugs, diseases and altered 
physiological conditions must be investigated. For, this may not only throw light 
on fundamental processes in the three fields just mentioned, but may also help in 
the understanding of cell fine structure itself. 
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KEYS TO THE GENERA OF THE SYMPHYLA 


By C. A. Epwarps 
N.A.A.S., Westbury-on-Trym, Bristol. (Communicated by the Zoological Secretary) 
(With Plates 13 and 14) 


[Read 29 January 1959] 


Taxonomic literature on the Symphyla is very scattered, and there have been few 
good reviews forthcoming. Hansen (1903), gave an excellent summary of the aoe 
up to that time, but recognized only two genera, Scutigerella and Scolopendrella. 
In 1913 Bagnall raised these genera to the rank of subfamilies, and placed three 
genera in each subfamily. Ribaut (1913) described a new genus, Geophilella, which 
he thought was sufficiently distinct to merit the erection of a third subfamily, the 
Geophilellinae, but in a later paper (1931), after a valuable study of the organization 
of the Symphyla, stated that he considered the most natural division to be into two 
families, the Scutigerellidae and the Scolopendrellidae, with Geophilella as a genus 
included in the latter family. Attems (1926), listed a separate family, the Geo- 
philellidae for this genus. Verhoeff (1933), whilst retaining the two families of 
Ribaut, wished to divide the Scolopendrellidae into three subfamilies : Ribautiellinae, 
Geophilellinae and Scolopendrellinae, according to the number of distinct dorsal 
scuta present. This scheme is not tenable, however, since there is so much over- 
lapping of characters between these subfamilies. Furthermore, the differences in 
numbers of dorsal scuta results only from subdivision of a basic scutal pattern. In 
one genus, Symphylellopsis, subdivision of the third scutum occurs in one species 
and not another. Such an unstable character does not seem to be a valid basis for 
erection of new subfamilies. Hence in the present work, only two families have 
been recognized, and no subfamilies are included. 

No keys to genera have been available since Bagnall’s work in 1913, and in the 
intervening period, a further nine genera have been added to the six described by 
him, and one subgenus, Scolopendrelloides, warrants the status of genus. These 
have been incorporated into a key to world genera in the present work. Of the 15 
genera that have been described so far, one Pseudoscutigerella Hilton has been made 
a synonym of Geophilella by Dr. H. E. Ewing (Michelbacher, 1941), who examined 
the type specimen. Another genus Scolopendrellina Hilton was insufficiently de- 
scribed to be a recognizable genus. The type specimen was stated to be in the 
museum of Pomona College, California, U.S.A. but on a visit to this institution by 
the author, it could not be found and appears to be no longer in existence. In view 
of this these two genera have not been considered in the keys. The genus Symphylel- 
lina Brélemann has been included but may not be a valid genus, because it differs 
from Symphylella Silvestri only in the possession of an additional pair of coxal sacs 
at the base of the tenth pair of legs. Since Species of the genus Symphylella possess 
a rudimentary pair of coxal sacs in this position, this is not a very considerable 
difference, especially since no further representatives of the genus have since been 
found. Furthermore if this character is acceptable as a generic character, then there 
are grounds for separating off Scutigerella verhoeffi Michelbacher, from the rest of its 
genus because this species also possesses an additional pair of coxal sacs to other 
Species in the genus. 

The commonest genera appear to be Scutigerella, Hanseniella, Symphylella and 
Symphylellopsis, and for the first three of these genera, humerous species have been 
described. Only the type specimen of the genus Symphylellina Brélemann has been 
found (Brélemann, 1931) and two single specimens of the genus Neoscutigerella 
Bagnall (Bagnall, 1914) (Aubry & Masson, 1953) have been described. Records of 
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the genera Hanseniella, Scolopendrelloides, Ribautiella, Remysymphyla and Millo- 
tellina are mainly confined to the tropical regions. 

There are no up-to-date keys to species of the Symphyla available, with the 
exception of those for the genus Scutigerella (Michelbacher, 1942), and this is in 
need of revision, as a number of new species have been described since they were 
published. A very large number of species have been described for the genera 
Symphylella and Hanseniella and specific determinations present considerable diffi- 
culty. Keys to British species of Symphyla have been drawn up and are available 
elsewhere (Edwards, 1959). 

It is emphasized that the Symphyla show considerable variations in characters 
such as chaetotaxy and relative size of parts of the body. Caution should be exer- 
cised in description of new species especially where good series of adult specimens 
are not available. Mounting techniques are important in the accurate identification 
of specimens. Satisfactory temporary mounts can be made in lactic acid, and more 
permanent preparations can be obtained by the use of polyvinyl alcohol medium, 
Type A3 (Salmon, 1951). This latter method has the merit of extending the legs 
into a position suitable for study. The best type of permanent mount requires more 
preparation and is made by first fixing the specimen in a flat position, by pinning it 
beneath a cover slip and then flooding with acetic acid. It is then cleared in 10 
per cent KOH, stained with 1 per cent acetic acid fuchsin for 2448 hours and 
mounted in Canada balsam. 

Some difficulties may arise in connection with several characters used in the 
keys. In particular, in many genera the first scutum, and the first pair of legs are 
smaller, and the first pair of legs possesses fewer segments than subsequent ones. 
In some species the first pair of legs may be virtually absent and only represented 
by small protuberances behind the head. Similarly, the first scutum may be so 
reduced that it is only represented by a row of setae. Furthermore the sutures which 
separate some scuta may be relatively indistinct, so that it may be difficult to deter- 
mine the actual number of scuta present. 


Key To FAamILies oF SYMPHYLA 
(The numbers given in brackets throughout the Keys refer to Plate No. 14) 


1. Scuta large and with rounded posterior margins (1-5). Styli at base of legs very large (21). 
Paired posterior sense calicles, with many setae irregularly distributed around margin 
of pit (19). Central rod of head capsule unbroken (29). First pair of legs shorter, 
but more than half as long as following pair (13). Length usually more than 4 mm. 

SCUTIGERELLIDAE Bagnall 

—. Scuta either with pointed posterior projections, or reduced in size (6-12). Styl at base of 
legs small or reduced to slight protuberances. Paired sense calicles with smooth margin 
to pit (18). Central rod of head capsule with break in middle (30). First pair of legs 
usually less than half as long as the following pair (15), (16) or absent. Length usually 
Nessie cnn tn eee peers eel et euch inate b-cetonette aero he de) 2) eirse eiel= SCOLOPENDRELLIDAE Bagnall 


Key To GENERA OF SCUTIGERELLIDAE 
(The numbers given in brackets throughout the Keys refer to Plate No. 14) 


1. With deep cavity beneath middle of caudal margin of last scutum, between cerci, overlapped. 
by posterior margin of last scutum ; last seutum more or less emarginate (27). Antero- 


lateral seta directed mainly backwards (1)......--.++-.++-+++0+- Scutigerella Ryder 
—. Without cavity beneath caudal margin of last scutum (28) ; last scutum not emarginate. 
Anterolateral setae directed mainly forward or laterally (2-5)......---+++s+sseeeees 2 
2, All setae on scuta long and pointed (24); not broad and blunt; long anterolateral setae on 
le aay aeeeh eae hate eel hence ete Bie teis oles zie we Sele tina belt weee tiie ss see ts 3 
—. All setae on scuta broad and blunt (22, 23), except for anterolateral setae on anterior a 
Panes og 38 un. WAS DAIS Mig DIG SU Cin A ca a 


3, Last scutum with slight posterior depression; first two scuta convex posteriorly (2). Styli 
of posterior legs large (21). Inner setae of proximal antennal joints only slightly longer 
flag @uier (Bc couesdncgngeu00 con oo poo ooo GeO pO nn ODE Mbaa on beeen een eee 14 
_. Last scutum with deep posterior depression; all scuta emarginate posteriorly (3). Styli of 
posterior legs short (20). Some inner setae of proximal antennal joints 2} times as long 
as Guar (OB); c000cc00co0dsseccbuUnonoU Cone UNO OmntCE Scolopendrelloides Bagnall 
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Medioventral process (31) present between each pair of coxal sacs belonging to legs 5—9, 


about as long as the styli.......-.. se eee ee eee ee eee eee eee Millotellina Jupeau 
No such medioventral process present between the coxal sacs.......... Hanseniella Bagnall 
Scutal setae relatively long, but rod-like and narrowing towards base (23); very long caudal 
setae directed backwards, on second to fourth scuta (5)...... Tasmaniella Chamberlain 
Scutal setae short and blunt, not constricted at base (22); long pair of anterolateral setae on 
second seutum only (4)j 3 o. < secs ee eee ela hele stele tee) i= eller Neoscutigerella Bagnall 


Key To GENERA OF SCOLOPENDRELLIDAE 
(The numbers given in brackets throughout the Keys refer to Plate No. 14) 


. Seventeen dorsal scuta or less; scuta usually large and distinct (6-9). Cerci large, _ 


MINOT OMS SSUUSaistarevetenere teiteuclaltareira eetstioual aieastel sta lolhetstra fous, Shiels eit Mavaler oem Neienou-t sik teen suena tems Uers 2 


. Twenty-one dorsal scuta or more; scuta may be small (10 and 12) and indistinct with few 


setae (11) or even reduced to small oval plaques. Cerci small with sparse setae...... 6 

First pair of legs very short and with terminal setae instead of claws (16). Fifteen dorsal 

‘scuta (6) with sparse setae. .........-+20222ncceses Remysymphyla Aubry & Masson 

. First pair of legs either with claws (14, 15) or vestigial (17). Seventeen dorsal scuta with 

MOIMETOUS SOLA! (1=-9)ia.c ore orate wire. coyetiets agee a: sists iat er eh «ies 5) Mewed slatiancs eiiekevrel ces ta reysey sien) cite ese ee os 3 

First pair of legs vestigial; represented only by small protuberances sometimes with eth 
Pree (EZ eae eut ten tamensteksactetSuesentyes oteysh topeueon, ale tsr ah cosas wrt sjegote all shan. fay Deets eae ete cllatce eee 

First pair of aes present; at least half as long as second pair..............2-...05s20-0:: 5 

. Coxal sacs present at the base of legs 3-10..................0005 Symphylellina Brélemann 

. Coxal sacs present at the base of legs 3-9 only...............-.004-. Symphylella Silvestri 


. First pair of legs large; more than two-thirds as long as second pair (14). Hind margin of 


each scutum with a band of longitudinal striae between processes (8). Cerci without 
LLAMSVELRe, OMI a lari Ses na ot ies ier etait Scolopendrella Gervais 


. First pair of legs less than half as long as second pair. No band of striae on scuta (9). Cerci 


with transverse terminal ridges)......0-c: 442+ se-- sees Scolopendrellopsis Bagnall 


. First pair of legs represented only by small protuberances with terminal setae (17). First 


dorsal scutum very small; 24 dorsal scuta present (10)........ Ribautiella Brélemann 


. First pair of legs present; only about half length of second pair (15). First dorsal scutum 


large’ 21 songz 2idorsaliscutaretvacia <i oriead- cei seis ke ace tee eiine eee ime 7 


. Twenty-two dorsal scuta ; first very large; other scuta represented only by paired oval 


plaques bearing few setae (11). Cerci with longitudinal ridges on terminal area 
Geophilella Ribaut 


. Twenty-one or twenty-two dorsal scuta; first moderately large; some other scuta with narrow 


triangular projections on posterior margin (12). Cerci with transverse ridges on terminal 
ATOMS (ome agai cite steve sions. eacter stem) eeheyer see ee tek eee eT G a ere eae Symphylellopsis Ribaut 
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EXPLANATION OF PLATES 


Puate 13 
Symphylella vulgaris Silvestri. 


(a) Dorsal view. 
(6) Ventral view. 


PratE 14 

Fre. 1.—Second dorsal scutum of Scutigerella. 

Fie. 2.— ,, nS ae », Hanseniella. 

IMG. Sk nn as an », Scolopendrelloides. 

TG. ees 5 Be su », Neoscutigerella. 

Fie. 5.— ,, 55 A, » Lasmaniella. 

Wie! Gay = ae », Remysymphyla. 

Fig. I= 4, er 6 > Symphylella. 

Fie. 8.— ,, 3 5a », Scolopendrella. 

Hic .o ee se a », Scolopendrellopsis. 
Wie, Uh sy 3 s >, Ribautiella. 
mes Wie gy ae 45 », Geophilella. 
Fie. 12.— , Symphylellopsis. 
Fie. 13. —Dorsal aspect of right first leg of Scutigerella. 
Nels WIE Ae as Asam >> 9» » Scolopendreila.. 
Hic. Lj. ae es >> 99 9» Symphylellopsis. 
Fig. 16.— ,, mS an sy >> 99 95 hemysymphyla. 
Bree 1/.=— an on 55 LevOauisella. 
Fie. 18. —Dorsal view of left sense calicle of Symphylella. 
Rie. 19:-— ,, 3 », Seutigerella. 
Fic. 20.—Stylus of Scolopendr elloides. 
Rie 21.—= ,, >, Hansenvella. 
Fic. 22.—Scutal seta of Neoscutigerella. 
ie, VB He > >» Lasmaniella. 
Bie. 24— 5, >» +» Hanseniella. 
Fie. 25.—Antennal segments of Scolopendrelloides. 
Fie. 26.— >», Hanseniella. 
Fie. 27. —Last dorsal seutum of Scutigerella. 
Fie. 28.— ,, a >», Hanseniella. 
Fie. 29.—Dorsal view of head of Scutigerella. 
Fic. 30.— ,, a 6g en SNOUT. 


Fic. 31.—Medioventral process of Millotellina. 
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EVIDENTIAL FACTORS IN THE IDENTIFICATION OF THE 
LINNAEAN MOLLUSCS 


By Henry Dopes, M.A., F.LS. 
[Read 29 January, 1959] 


Te evaluation of the data available to the student of the Linnaean species has received 
scant attention at the hands of zoologists and in the few sources to be consulted 
there is a wide divergence of opinion as to the relative importance of the several 
factors to be considered. Thus, the relative weight of Linnaeus’s descriptions and 
synonymies has been variously argued and there has been far too little attention paid 
to the actual specimens in the Linnaean Collection in the custody of The Linnean 
Society of London and in the collection of Queen Louisa Ulrica of Sweden, now 
housed in the University of Uppsala. 

The purpose of the present paper is to review these data, to comment on their 
respective value, and to point out the difficult and sometimes baffling problems which 
face those who seek unequivocal identifications of the Linnaean species. In the follow- 
ing discussion all the literature and collections mentioned and the specific examples 
cited refer only to Linnaeus’s phylum Mollusca, as that is the writer’s particular 
field. All my comments on the meaning of the descriptions and the credibility of the 
synonymies and localities, that is to say, on the entire published diagnoses of species, 
would apply equally, or at least with slight modification, to the other phyla in Lin- 
naeus’s zoological works. 

The pertinent usable factors are :— 

(a) The Latin species descriptions in the tenth and twelfth editions of the Systema 
Naturae (1758 and 1767) and in the ‘ Regni animalis appendix’ of the Mantissa 
Plantarum (1771). 

(b) The synonymies, or reference to figures and descriptions in the texts and 
iconographies of Linnaeus’s predecessors. 

(c) The localities of the species as reported by Linnaeus in the above works, to 
which are added, in some cases, the name of the collector, or the person who supplied 
the type specimen or in whose collection it was examined. 

(d) Certain manuscript notes, in Linnaeus’s handwriting, which were designed 
to be incorporated in a revision of the twelfth edition and are written in the page 
margins of his copy of that work. With these may be considered occasional manu- 
script notes in the copy of the twelfth edition owned by Linnaeus’s son. 

(¢) Two “ lists ” of species of which specimens were actually owned by Linnaeus, 
comprising the contents of his collection in 1758 and 1767 respectively. 

(f) Linnaeus’s own collection of molluses in London. 

(g) The descriptions and synonymies in the Musewm Ulricae (1764), a catalogue 
of the collection of Queen Louisa Ulrica. 7 

(h) The collection upon which the above catalogue was based, now in the Zoological 
Institution of the University of Uppsala. 

(1) Such of Linnaeus’s marginal names in the Systema Naturae as are descriptive of 
the species described. 

These factors are here discussed in order :— 


(a) Tur Systema and Mantissa Duscriptions 
When Linnaeus’s Latin description of a species is clear and states the diagnostic 
characters of the shell with sufficient exactness to enable us to isolate it from any 
other species described by him and to refer it to a known species, it becomes the most 
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important, and, indeed, the controlling factor in identification, except in cases in 
which an unequivocally documented specimen of the species is found in his collection. 
The meaning of ‘ documented ’ is discussed below, under the ‘ Linnaean Collection ’. 
_ Many of the descriptions are, however, unsatisfactory. First, Linnaeus’s Latin 
is not that of the classics but is a development from the vernacular used in the 
religious and metaphysical writings of the Scholastics, and is a vulgate form which 
came into use by scientists after the delayed revival of interest in the natural 
sciences in the mid-Renaissance. It is a bastard Latin and difficult for a 
classicist to translate. Secondly, most of the ‘ main’ descriptions! are too brief and 
are often examples of an unfortunate failure to include one or more of the most 
important diagnostic characters of the species. Some are so short and specifically 
uninformative that they may almost be accepted as a definition of the genus in which 
Linnaeus placed them or in which they are now included. Witness the description of 
Bulla gibbosa (Cyphoma gibbosa), number 331, 1758, * B. testa angulata cingulo elevato’, 
language which covers all the species of Cyphoma Réding, and the description of Spondy- 
lus plicatus (Plicatula plicata), ‘S. testa inaurita mutica plicata’, which covers all 
of the Linnaean species of Spondylus described in either 1758 or 1767 except possibly 
S. gaederopus, and all species of Plicatula Lamarck. For Chiton hispidus, number 1, 
1757, the short description ‘ C. testa sexvalvi striata’ not only states the number 
of valves to be six, a number not found in any of the Chitonidae, but is otherwise 
unintelligible. No specimen so named is present in the Linnaean Collection. 

Occasionally a species with such a defective description may be tentatively identi- 
fied by comparing the language with the descriptions of the species immediately 
preceding or following it in the Systema. This possibility is illustrated by the cross- 
references in the diagnoses of Voluta auris-midae and auris-judae, now placed in the 
genus Hllobium Roding. Several other species are probably identifiable by their 
inclusion in a group of species, whether or not under one of Linnaeus’s * subgeneric ’ 
headings, the shell characters of which are so similar that they are clearly set apart 
from the other species in the Linnaean genus in question. Finally, a considerable 
number of species supplied with long and apparently graphic descriptions, but which 
are not represented in the collection or supplied with any references, must be left 
as species dubii, as the combination of shell characters cannot be referred to any 
known form. 

Linnaeus was almost completely ignorant of the anatomy of the animal within the 
shell. This is strikingly illustrated not only by the language of his generic descriptions, 
but by the persistence with which he reversed the interpretation of the words 
‘ anterior ’ and “ posterior ’ and their derivatives as applied to the parts of the shell. 
Apparently he did not understand the orientation of the animal within.” Another 
frequently recurring weakness in his descriptions is his use of the word ‘ stria ’ and 
its derivatives. The word means either a ‘ furrow’ or a ‘ ridge ’, but as it is sometimes 
impossible to determine which meaning he intended, even from the context, identi- 
fication may be severely handicapped. An even more confusing situation is created 
by his use of the word ‘ sulcus ’ and its derivatives. This word has only one meaning— 
a ‘ furrow ’, but in his descriptions of some of the Oardium species he used it to mean 
a raised member. Thus, he described C. ciliare and C. fragum as having ‘ sulcis 
elevatis? when he meant ‘ costis elevatis’, whereas for other Cardium species he 
used ‘sulcus’ correctly. That he understood the proper meaning of the word is 
shown by his description of C. laevigatum, which uses the phrase ‘ Testa simillima 


1 The short descriptions which begin each of the diagnoses are herein called the ‘ main’ 
descriptions for want of a better term. For the further descriptions which follow the references 
and localities and which are usually the more ample, the word ‘ subdescription >is here used. 

2 In this connection it should be noted that Linnaeus was far less important as a malacologist 
than his contemporary, Michael Adanson, who has been called ‘ The Father of Malacology’. In 
his Histoire naturelle du Sénégal (1757) his excellent descriptions of molluscs were based on the 
characters of the animal as well as those of the shell, which was, in his day, an almost completely 
new concept in this branch of zoology. 
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praecedenti, sed striae loco sulcorum ’. Examples of this misleading use of Latin 
words could be multiplied. a 

It should be particularly noted that for those species supplied with a subdescription, 
which include most of those in Linnaeus’s own collection, the subdeseription is usually 
longer and almost always more illuminating than the main description. It may be 
said that in all of such cases it is the subdescription which furnishes the most con- 
vineing evidence of the identity of the species.* 

In general, the Mantissa descriptions, although much more detailed, are less 
informative than the majority of those in the Systema, and several of the 29 molluscan 
names in that work are unidentifiable. Very few of these names are represented by 
specimens in his collection. Hanley (1955 : 453) said of them :—’ Probably the original 
types were to be found in the cabinets of Ziergovell and De Geer ’. This fact is probably 
the cause of the imperfections in the Mantissa descriptions. The writer has not 
been able to find any data as to the whereabouts or the dispersal of the two Swedish 
collections mentioned by Hanley. 


(6) Toe SYNONYMIES 


There exists a considerable body of opinion which holds that the references to pre- 
Linnaean figures cited by Linnaeus should have greater weight in arriving at an 
identification of a species than his descriptions. This view must be based on the 
theory, which the writer believes to be fallacious in this case, that a picture has more 
evidential value than mere words of description. I am compelled to dissent most 
vigorously. The description, even with all of the omissions and defects which some 
of them show, was Linnaeus’s own evaluation of the species, which, in most instances, 
was before him as he wrote. He was putting on paper what he observed with his 
own eyes. While he often disregarded certain diagnostic details of the shell, it is 
only in a few isolated instances that he mentioned characters which were not present. 
The cited figures, on the other hand, were not only borrowed from the works of his 
predecessors but the majority of them were crude, inaccurately drawn and frequently 
unrecognizable. Moreover, although Linnaeus’s library contained virtually all 
of the earlier iconographies, he described many hitherto unfigured and nondescript 
species and, as he could find no applicable figures in the works at his disposal, he felt 
himself obliged to adopt the thoroughly unscientific although possibly excusable 
expedient of selecting figures which seemed to him to be the nearest approximation, 
to the shell he was describing. The use of this expedient is obvious in any critical 
study of his references and has often been pointed out by later writers. Indeed, in 
one instance Linnaeus confessed to this practice. Under the twelfth edition listing 
of Venus marica, number 114, 1767, he said :-—‘ Proxima huic est Argenv. conch. t. 
os te Be 

A third defect in the synonymies, and the most important cause of confusion, 
is the fact that a considerable proportion of them show figures of several species 
often quite remote from one another both phylogenetically and in shell characters. 
We must assume that Linnaeus considered all of the shells figured to be mere forms of 
a single variable species. These comprehensive synonymies result in a surprisingly 
large number of composite species necessitating the restriction of these complexes 
by later workers. The references often contain one or two recognizable figures of 
the species described, but the mixture of forms robs many of the synonymies of the 
necessary authority as an aid to identification. If one were asked to select a type 
figure for each of Linnaeus’s species and were limited to his published references 
the task would often be impossible or the result singularly unconvincing. 

One of the baffling defects of the hand-drawn pre-Linnaean figures was the apparent 


_ 3° The importance of the subdescription and the significance of this importance in connection 
with the theory suggested by the writer that the position of Linnaeus as a wholly binomial 
zoologist should be re-evaluated, is discussed fully in a previous paper (Dodge, 1955 ; 7-9). 
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inability of the artists to portray convincingly the difference between sculptural 
details and lines of shading. In many of the old figures our failure to identify them 
unequivocally stems from the fact that a series of revolving lines on the figure may 
have been designed to represent spiral sculpture or mere shading. Another confusing 
detail is that for species bearing teeth on the lip or plaits on the columella, the artists 
failed to realize that the number, disposition, shape and size of these features were 
often of major diagnostic importance and did not reproduce them with sufficient 
exactness. A further handicap is that many of the drawings show only the dorsal 
aspect of the shell, whereas an apertural view is in many cases essential to an accurate 
identification ; in several of the trochids and turbinids the figures cited by Linnaeus 
show only the basal aspect. 

Tam not unaware of the many good figures in the pre-Linnaean works, particularly 
some of the drawings in the plates of Seba & Regenfuss, but these are in the distinct 
minority. In general, Linnaeus’s references are dangerous guides to follow blindly 
and I am convinced that most of the early mis-identifications and most of the prob- 
lems so vigorously debated by his immediate followers were caused by a too great 
reliance upon his figures. 


(c) THE LocaLitTiEs 


This aid to identification has been given undue weight by some writers. Linnaeus’s 
localities are not only even more inaccurate than his references but, even when 
correct, they are often so broad geographically that they are of questionable help to 
the naturalist of to-day who divides a widely dispersed species into races or even 
subspecies. Indeed, the proportion of error is so great, that one is tempted to conclude 
that it impugns the accuracy of the whole. It is, of course, understandable that 
Linnaeus’s ‘ habitats’, as he called the localities, should be so often wrong. He had 
personally collected molluscs only in the northern seas of Europe so far as I have been 
able to determine. The great majority of his specimens from other regions were obtained 
from others. In an era when the far corners of the world were still so imperfectly 
known and particularly when voyages by sail were so protracted, it may be assumed 
that collectors, who were, in most instances, travellers or seamen rather than naturalists 
would fail to remember the exact source of a given specimen. Indeed, the disregard 
of precise locality documentation was one of the greatest faults of even the most 
competent naturalists until comparatively recent times. 

It should be pointed out that in the case of some species which Linnaeus did not 
himself possess, described from specimens in the collections of Spengler, Count 
Tessin, De Geer, Gyllenborg and others, the localities were omitted, and that no 
localities were supplied even for an appreciable number of species which were in 
Linnaeus’s collection. 

In only two categories of species do I feel that the localities of the Systema may 
be unquestionably accepted : those from northern Europe, with the fauna of which 
Linnaeus was personally familiar as a collector, and those whose source was vouched. 
for by men who had been his pupils or had been closely associated with him. Hassel- 
quist, Kalm, Zoega, Logie, Fagraeus, Konig and others are names which frequently 
appear in the Systema following the mention of a locality. These were men in whose 
scientific attainments Linnaeus felt so much confidence that he obtained funds to 
subsidize the collecting expeditions of some of them, such as Hasselquist’s notable 
trip to the Levant (1749-52) recorded in his Iter Palestiniwm (1757), and Peter 
Kalm’s Resa til Norra America (1753-61). 

A further name, ‘ E. Brander ’, is cited by Linnaeus as the collector of a number 
of species from the south-west Mediterranean. I have not been able to identify this 
name but the comparatively restricted area in which Brander collected would seem 
to lessen the chance of error. Moreover, all of the species to which his name is attached, 
with localities such as ‘ Barbaria ’, ‘in Mauretania ’, and ‘ M. Mediterraneo, Africam 
alluente ’, have been unquestionably identified as Mediterranean species. Hanley 
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(1855 ; 5) spoke of Brander as ‘ the Consul at Algiers ’ but I have no further informa- 
tion.* 


(2) Tan Manuscript NotTes 


After the appearance of the twelfth edition of the Systema Naturae Linnaeus prepared 
for the publication of what Hanley always referred to as a © revised twelfth edition : 
but which we may assume would have been called the ‘ thirteenth edition ° by Lin- 
naeus, had he lived to complete and publish it. The evidence of his preparatory 
work is found in a series of copious manuscript notes written either on. pages inter- 
leaved in his working copy of the twelfth edition or on the margins of the printed 
pages themselves. They consist of additions to the published descriptions, the citation 
of additional references and the suppression of references found by the author to 
have been errors of transcription or badly chosen. In a few cases we find corrections 
or additions to the original localities. The 1758 and 1767 descriptions, references 
and localities, being published data, together with the properly documented types 
found in his own collection in London, comprise the only evidence which should, 
from a technical point of view, be considered as authoritative under the Rules of 
Zoological Nomenclature. The manuscript notes and all other types of unpublished or 
external evidence must be treated as merely corroborative of an identification already 
reached, based on the published data, or as aids in assisting us to understand what 
Linnaeus really meant by his original diagnosis of what would otherwise be a species 
dubia. 

The copy of the twelfth edition owned by Linnaeus’s son also contains manuscript 
notes written in a clear hand. As many of these are copies of those of his father, they 
are of assistance in deciphering the latter’s almost illegible calligraphy. 


(e) THe ‘ Lists’ 


In addition to the evidence of identification offered by the documented specimens 
in the collection, Linnaeus left a record of the species actually owned by him, a record 
which is often valuable but which must be treated with a certain reserve. This 
record was somewhat euphemistically called ‘the lists’ by Hanley throughout 
his 1855 work, and this term, although somewhat badly chosen, is here adopted. The 
record consists of checks placed against the names of the owned species in Linnaeus’s 
working copies of the tenth and twelfth editions. There are therefore two ‘ lists ’, 
effective as of two different dates and covering the holotypes or syntypic lots of 
species possessed by Linnaeus in 1758 and 1767 respectively. 

Not all of the species are so checked, as Linnaeus, as already pointed out,described 
many shells from borrowed specimens ; from specimens examined in other collections 
or, possibly, from data furnished him by other collectors. If an undocumented 
specimen found in his collection uniquely conforms to a particular description in the 
Systema and the pertinent specific name is checked in either the tenth or twelfth 
edition we should be justified in accepting such an undocumented specimen as the 
type, although on a ‘ probable’ basis only. If the name of such an undocumented 
specimen is not checked in either ‘ list ’ we are forced to assume that it was added to 
the collection by another hand or by Linnaeus himself subsequent to the publication 
of the twelfth edition, even though it may conform to the pertinent description ; 
we have no right to consider it the type as we must assume that it was not the specimen 
on which the description was based. This assumption is limited by the possibility 
that Linnaeus failed to check the particular specific name. I am inclined to discount 
this possibility. 

Several of these unchecked species are represented in the collection by specimens 
which are apparently documented, but bear a name or number written in a hand 
quite different from Linnaeus’s almost undecipherable calligraphy, and in pencil 


* See Dodge (1952; 13, footnote) for further discussion of this name. 
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a medium never used by Linnaeus. These specimens are referred to under ‘ The 
Linnaean Collection ’, below. 

_ A further limitation on the use of the ‘ lists ’ is that a number of species are checked 
in the tenth edition and not in the twelfth. It may be that either Linnaeus had lost 
the specimen he once possessed, or that the omission was unwitting. As said above, 
the latter alternative does not seem credible to this writer, although the possibility 
exists. It might be, and has been suggested that Linnaeus had, in this case, changed 
his concept of the species between the dates of publication of the tenth and twelfth 
editions. While it is true that he changed the name of a species in several instances® 
I can find no evidence that his concept of a species suffered any change between the 
two editions. Such a change is, however, a grave possibility in the case of some of 
the Systema names which were later described in the Museum Ulricae, although 
such a change is not susceptible of proof. It is not possible, therefore, to gauge the 
importance of Linnaeus’s omission to check a species in the twelfth edition which he 
had checked in the tenth. The student must be on his guard against a too-trusting 
adherence to the evidence apparently afforded by the ‘ lists’. 


(f) Tae LinnaEAN CoLLEcTIONS IN LONDON 

At the death of Linnaeus in 1778 his natural history collections, manuscripts and 
library descended to his son who was himself a competent naturalist: and who had 
accumulated a collection of his own. Based upon what we know of his abilities and 
his conscientious and useful annotations in his own copy of the twelfth edition of 
the Systema it is probable that the elder Linnaeus’s Collections came to no harm during 
the time they were in his son’s custody. Certainly there is no evidence that any 
transfers of specimens were made between the two collections. At the son’s death in 
1783, his mother, as his executrix, sold the elder Linnaeus’s Collections and literary 
material to James Edward Smith of London, then a young medical student. Smith 
was knighted in 1814. The purchased material arrived in London in 1784, and remained 
in Smith’s possession until his death in 1828, when it was acquired by The Linnean 
Society of London of which Sir James Smith was the first President at its foundation 
in 1788 and remained in that office until his death. All of the Linnaean material is 
still in the possession and custody of the Society. 

Smith was primarily a botanist and, as might be expected, was less interested in 
the zoological portion of the Linnaean Collections. It is admitted that during the 
many years he held the collections the cabinet of molluses, at least, was mishandled 
through the inadvertent replacement of specimens in the wrong receptacles as well 
as by the integration of Smith’s own specimens. Many of the equivocal situations 
now encountered in connection with the undocumented specimens are the result 
of these unfortunate accessions, as there is no evidence that any changes or 
additions have been made under the careful custodianship of the Linnean Society 
nor any labels added until the ‘ Hanley labels ’ were affixed to the trays in the 1850's. 
Tt is not, of course, possible to determine with any accuracy how many of the undocu- 
mented specimens were introduced by Smith and how many were originally in the 
Linnaean Collection. Those on which the names are written in pencil were certainly 
added by Smith. The documentation of the undoubted Linnaean types, the probable 
source of the undocumented specimens and the circumstances surrounding the affixing 
of the ‘ Hanley labels ’ are fully discussed by the writer in a previous paper (Dodge, 
1955 ; 6-7). 


(g) AND (h) THE Museum Ulricae AND THE UppsaLa COLLECTION 


In 1751, seven years before the appearance of the tenth edition of the Systema Naturae, 
Linnaeus was commissioned by Queen Louisa Ulrica of Sweden to catalogue and 

5 Oardium humanum changed to Chama cor ; Pinna pennacea to Sepia loligo ; Nautilus crista 
to Turbo nautileus ; Murex scabriculus to Voluta cancellata ; Nerita nodosa to Murex neritoideus, 
etc. 
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describe the latter’s collection of insects and shells then housed in her residence at 
Drottningholm. The preparation of this catalogue, commonly referred to as the 
Museum Ulricae, occupied the years 1751 to 1754 but because of delays, the reasons 
for which are obscure, the work did not appear until 1764, when the twelfth edition 
must have been already in preparation. It has been suggested that Linnaeus intended 
the work to be accompanied by a series of plates of figures of the species covered 
and that difficulties connected with their execution caused not only the delay but the 
eventual abandonment of the idea. The descriptions in the Museum Ulricae are, 
with a few exceptions, taken verbatim from the tenth edition of the Systema Naturae 
and the appropriate page and number in that work is referred to. The exceptions 
carry the twelfth edition descriptions, proving that these species, at least, had already 
been redescribed. The subdescriptions are, for the most part, much more detailed 
and accurate than those in either edition of the Systema and clarify much of the equi- 
vocal phraseology in the latter work. 

Only 434 species are listed in the Musewm under the heading ‘ Testacea ’ as against 
703 species of that group in the Systema and they consist principally of the larger 
exotic shells, the smaller species and the European shells being only sparsely repre- 
sented. Linnaeus kept his notes on each species on separate slips or ‘ schedules ’ 
and we may infer that these were kept up to date until the actual publication of the 
work, in spite of the fact that so few of the twelfth edition descriptions are used. 
The catalogue includes descriptions of a small number of mammals, birds, reptiles 
and fishes, as a separately paged ‘ Tomi secundi prodromus’ with its own title page. 
These latter species are stated to have been in the collections of King Adolph Frederick. 

It is obvious that the diagnoses in the Musewm together with the specimens in 
the Queen’s collection of molluscs upon which they were based are often of considerable 
value in corroborating identifications already reached by a study of the diagnoses of 
the same species in the Systema and the other evidential factors above mentioned. 
Indeed, in several cases they serve to identify what would otherwise be considered 
a species dubia, because of the clarity and comprehensiveness of their language. Unfor- 
tunately the Queen’s collection is not as helpful as could be desired owing to the fact 
that the documentation of its specimens is, to say the least, suspect. Linnaeus 
supplied no labels for the collection. He numbered the species serially in the catalogue, 
placing the genera in the same order in which they appeared in the tenth edition of 
the Systema and arranged the specimens in the Queen’s cabinets in the order in which 
they appeared in the catalogue. The first and only documentation with which the 
shells have ever been supplied was a series of printed labels prepared by Professor 
Olaus Swartz, a botanist, who became the curator of the collection upon its removal 
to Uppsala in 1789. These labels are believed to have been taken from the twelfth 
edition of the Systema. They are with the collection to-day, some pasted to the speci- 
mens, some to the cotton in the specimen trays and some loose in the trays. 

Tn his Swedish Dedication to the Museum Ulricae, Linnaeus referred to ‘ . . . the 
short descriptions which T have drawn up for Your Majesty’s Natural History 
Collections, Insects as well as Shells, disposed according to the order in which they were 
arranged [translation and italics mine]’. Tn other words, the only means of identifying 
a given specimen in the collection prior to the affixing of the Swartz labels would 
have been to count up to its numerical position in the cabinet and then refer to the 
corresponding number in the catalogue. If it be suggested that the above quotation 
does not, by its terms, unequivocally rule out the possibility of Linnaean labels 
we have the authority of both Thunberg and Wallenberg that no such labels ever 
existed. Thunberg’s statement is referred to by Loven (1887 ; 47)® who said : ‘ Lastly 
there is the testimony of Thunberg, himself a disciple of Linnaeus and intimately 
acquainted with the handwriting of his master, declaring that when he took charge 
of the Drottningholm collections after their arrival at Uppsala, he had searched with 


° The reference to Thunberg’s comment is given by L — i 
COr y Loven as :—’ Address at the Inauguration 
of the new Museum at Uppsala. 25/5/1807, p. 67.’ This work was not available to eer 
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the most scrupulous care for a name or anything written by Linnaeus himself, but 
without discovering a trace of any sort “ except the printed labels which Professor 
Olaus Swartz had recently pasted on the shells ”’’. Loven also refers to a statement 
which Wallenberg made to him many years later, that Linnaeus most certainly had 
not labelled the Queen’s collection. 

It would seem most improbable, considering the veneration in which Linnaeus 
was always held by Swedish naturalists, that any original labels should have been 
destroyed by Swartz or anyone else upon their arrival in Uppsala. It seems equally 
improbable that any such labels should have been destroyed while they remained at 
Drottningholm. While individual labels could have been lost or misplaced during 
the transfer to Uppsala, a loss of the entire set of labels is quite beyond comprehension. 
It thus appears inescapable that Linnaeus prepared no labels, and we are left with a 
collection of molluscs shells, originally unlabelled, the only labels it ever had having 
been supplied by a botanist 25 years after Linnaeus completed his catalogue and 
re-arranged the specimens in the Queen’s cabinet. 

It seems unnecessary to labour the point that these facts, together with the 
opportunity for mixtures and misplacements of specimens afforded by the packing 
and removal of the collection to Uppsala, do not permit us to place much faith in 
the present documentation of the Queen’s collection as confirming the identification 
of species either as described in that collection or, by comparison, in the Systema. 
It is, moreover, almost certainly true that Linnaeus, in some instances, gave names 
to species in the Museum which bore other names in the Systema. No satisfactory 
explanation has ever been advanced as to why Linnaeus should also have changed 
his concept of a species in the Museum and then, in the twelfth edition of the Systema 
reverted to his original tenth edition concept with no change of name, Yet several 
cases can be found where these situations can be almost certainly proven to exist, 
and they cast the gravest doubt on the propriety of using the Musewm Ulricae 
as a yardstick with which to evaluate the Linnaean species. 

As an illustration of the misplacement of specimens in the past, Dr Nils Odhner 
of the Naturhistoriska Riksmuseum in Stockholm advised the writer (personal 
communication 1953) that in examining the Queen’s collection in 1927 he found a 
specimen of Marginella limbata Lamarck in a tray containing the label Voluta glabella 
Linné. In 1953, in the course of preparing a microfilm of the collection and an annotated 
list of its contents for the writer, he found a further misplacement, as a specimen 
of Nerita peloronta Linné was in the tray labelled V. glabella. If such a double mis- 
placement could take place, the last one in recent days, it is not difficult to conceive 
of other similar transfers in the 168 years since the specimens were first labelled and 
the more than 200 years since the specimens were first arranged in the cabinets by 
Linnaeus. In another case a specimen of Conus clavus Linné (Conus terebellum Gmelin 
and C. terebra of Born, Bruguitre and Lamarck) is found labelled Conus terebellum 
Linné, a quite different species, although the Musewm Ulricae description of C. 
terebellum is so equivocally worded that there is considerable doubt as to whose 
terebellum is intended to be described.” é 

In spite of these many puzzling discrepancies in both the Musewm Ulricae and 
the collection in Uppsala, they must always be considered in any project of identifying 
the Linnaean names. The majority of species catalogued are adequately described 
and the majority of specimens in the collection are correctly labelled, in spite of the 
glaring evidence of error in some of them. The book and the collection contribute 
valuable corroborative evidence, and in some cases evidence not provided elsewhere, 
as a few Systema names which must be left unidentified if only the Systema diagnosis 
is considered may be definitely identified by the more ample language of the Musewm, 
when supported by an exclusively correct synonymy and a correctly labelled specimen 
in the Uppsala collection. 


7 See Dodge, 1955; 44-45. 
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This collection has been almost unknown to non-Swedish conchologists, except 
through the medium of the Musewm Ulricae. Indeed, I have been able to find but 
one short reference to its having been seen by a western European. Reeve, in discussing 
Conus princeps Linné, said :—‘ It has been ascertained by Mr. Cuming, on a late 
visit to Upsal, that the very specimen described by the ancient professor of that 
city is still retained in the University Museum’. Hanley (1855) constantly referred 
to the diagnoses in the Musewm Ulricae, but there is no record of his having visited 
Sweden and he referred to the Uppsala collection only by saying in several places 
that the type of the species under discussion would probably be found in Sweden. 
To-day prints of a microfilm of the entire collection are available in the libraries of 
the American Museum of Natural History in New York, the United States National 
Museum in Washington, the Peabody Museum of Yale University in New Haven, 
the School of Mineral Sciences of Stanford University, in California, and in the writer’s. 
library, each print being accompanied by a critically annotated list of the specimens 
and their existing labels, prepared by Dr Odhner. It is hoped that through the wider 
availability of these data, the collection will become more perfectly known to those 
interested in the historical aspects of conchology. 

The synonymies of the Museum Ulricae are often more convincing than in the 
Systema, as in the former (the notes for which were, I believe, kept up to date for some 
time after the publication of the tenth edition of the Systema), Linnaeus had dropped 
many of the original incorrect or inconclusive figures. One of the unexplainable 
facts facing the student is that in the twelfth edition, published three years after the 
appearance of the Museum, Linnaeus restored many of these abandoned figures. 


(¢) Tae Descriptive SPECIFIC NAMES 


Linnaeus’s specific names are sometimes so highly descriptive of a shell that we 
are almost justified in saying that identification may, in these cases, be based on the 
applicability of the name alone. Thus, Strombus gigas and Chama gigas point obviously 
to the largest species of these two genera described by Linnaeus. Murex anus, 
Cypraea argus, Ostrae folium, Voluta musica and many others are names which, while 
possibly slightly more equivocal, certainly serve as an aid in confirming an identifica- 
tion already suggested by one or more of the indicative factors discussed above. 
The name Strombus pugilis is also helpful as it describes the strength and agility of 
the animal. Voluta monilis, Ostrea edulis and Oypraea moneta are names which reflect 
the use to which the shell or the animal is put. Even the adjectival specific names 
are often a help if they could not be applied to any other shell described by Linnaeus 
in the same genus. The geographical names both of Linnaeus and later writers 
are often grossly misleading. Three of Linnaeus’s locality names, Voluta lapponica, 
Trochus niloticus and Turbo sarmaticus, state regions far removed from the ranges of 
the species involved. 7 

It is impossible to lay down any rule-of-thumb as to the order of importance of 
the several factors discussed above, except to say that the presence of an authorita- 
tively documented specimen in the Linnaean Collection is of paramount importance. 
If the collection contains no such type, then identification should be attempted by 
a recourse to those factors which seem to have the greatest probative value in the 
particular case or to the aggregate weight of all such factors. In spite of the opinion 
of some writers that the description should always play the dominant role and the 
feeling of others that the cited references should govern, I submit that each of those 
items of evidence is so often equivocal that neither can be used as controlling. It 
seems inescapable that we must judge a species by the over-all weight of the several 
available aids to identification, although I suggest that the description should be 
treated, in most cases, as only second in importance to the evidence supplied by 
the Linnaean Collection. We are attempting to decide what Linnaeus meant by a 
given combination of his published data and we should be at liberty not only to 
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consider all of these data, but to give weight to whatever information we can obtain 
outside the framework of the Systema Naturae and the Museum Ulricae. This 
method often results in an identification which cannot be said to be unquestioned but 
which, nevertheless, should be tentatively accepted as the nearest we can come to 
a technically perfect result. Such a tentative acceptance is apparently approved by 
most zoologists on the tacitly adopted theory that a name which has become crystal- 
lized in the literature for many years as the representative of a Linnaean species of 
the same name should be credited to Linnaeus even though a doubt as to the adequacy 
of the Linnaean diagnosis exists. 
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JOURNEY TO HIGH SIMIEN (NORTHERN ETHIOPIA), 1952-53 : 
DIPTERA, SPHAEROCERIDAE 


By Professor O. W. Ricuarps, M.A., D'Sc., F.R.ES. 


Department of Zoology and Appied Entomology, Imperial College of Science and 
Technology, London 


(Communicated by Hueu Scort, Sc.D., F.R.S., F.LS.) 
(With Plate 15) 


[Read 29 January, 1959] 


[Note :—Professor Richards has already dealt with an interesting wingless species 
of Sphaeroceridae from high Simien, in his work entitled ‘ Two new wingless species of 
Diptera, Sphaeroceridae, from Ethiopia ’ (1954, J. Linn. Soc. (Zool.), 42, 387-391) ; 
he also there described another new species of the same genus (Binorbitalia) from the 
Gughé Highlands, southern Ethiopia. I would now express my indebtedness to him 
for having completed the following account of the winged Sphaeroceridae collected 
in Simien. 

Three genera and nine species are represented. Three species are described as 
new, and four are referred to previously known species. The remaining two can only 
be determined as ‘ Leptocera sp. ’ 

The specimens were collected at high altitudes, varying between about 10,000 
and over 13,000 ft. The season was November and December, when the Rains had 
ended and dry weather had set in, interrupted only by a spell of thunderstorms, 
with hail, beginning on 28 November and lasting some days. The nights were cold, 
occasionally with frost, but the sun was hot in the middle part of the day. 

Under these conditions, some or all of the specimens of several species (Sphaerocera 
curvipes, Copromyza pedipicta, Leptocera carbonicolor, L. xanthographa, L. hetero- 
neuroidea) were shaken from dry soil at the roots of grass-tufts or other plants near 
torrents, or from soil under bushes. Some examples of Copromyza pedipicta and those 
of one of the unnamed species of Leptocera were obtained from dead stems of the giant 
Lobelia rhynchopetalum (which also formed the habitat of the wingless Binorbitalia 
triseta previously described). 

The examples of Sphaerocera longipes and those of the second unnamed Leptocera 
were found in litter in the tunnels of small rodents living in warrens near streams. 
These animals are undetermined, as no specimens were obtained. Suggestions as 
to their identity are mentioned in my general account of the journey, 1958, Proc. 
Linn. Soc. Lond., 170, pp. 63 and 90. 

Four species of Leptocera collected by the writer in 1926 in Jem-Jem Forest, 
west of Addis Ababa, were recorded, and a new species of the same genus discovered 
on the high moorland of Mt. Chill4lo was described, by Professor Richards in 1939, 


Proc. R. ‘ent. Soc. (B), 8, 68-73. None of these Species was rediscovered in high 
Simien.—H. §.] 


SPHAEROCERA Latreille 
Sphaerocera curvipes Latreille, 1804 


Eruiorra.—Simien : near Mindigabsa, over 10,000 ft., from dry soil at roots of 
plants overhanging stream, 16.xi.1952, 2 g, 1 2 (pinned), 3 ¢,1 ? (pinned ex alcohol). 


This species is now found in most regions of the world, associated with decaying 
matter, especially carrion. 
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Sphaerocera longipes Richards, 1951 
Sphaerocera longipes Richards, 1951, Boll. Ist. Hnt. Bologna, 18, 269. 


Eruropra.—Simien : Mai Datcha, south-east of Arcuasié, ca. 13,200 ft, from litter 
in tunnels of small rodent, 5.xii.1952, 3 g (pinned ex alcohol) 

This species was described from Addis Ababa, from an abandoned nest of an ant, 
Anomma sp., 23.xi.1941, 1 3 (S. Patrizi). The present Specimens agree with the 
description except that only the extreme tip (not the distal half) of the fore basitarsus 
is white ; the four hind legs are brownish rather than yellow-brown, but the coxae 
and trochanters are paler. These differences are probably not significant. 


COPROMYZA Fallén 
Copromyza (s. str.) pedipicta, sp. nov. 


; tee close to C. equina Fallén, and especially to C. similis (Collin), but differing as 
ollows :— 

Rather larger than either of these species, mesoscutum dull bronzy with four 
dark shining stripes, legs distinctly pale and dark variegated ; wings more clouded 
along the veins, especially the cross-veins. 

C’. equina has pubescence on the arista a little shorter, and the male fifth abdominal 
sternite considerably longer than the preceding one, with its posterior corners produced. 

C. similis has a similar simple male fifth sternite and similar arista, but has a 
smaller shining area on the mesopleuron. 

C. hackarsi Vanschuytbroeck, 1948, from the Belgian Congo and Ruwenzori, 
has rather similarly coloured legs but, according to the description, differs as follows: 
face and orbits yellow, mesoscutum light brown with two dark brown stripes. Legs 
similarly variegated but apparently rather different in detail, fore femora mainly 
pale, hind femur mainly pale with dark bands at two-thirds and at apex, hind tibia 
with the extreme apex dark. Wing brownish. 

C. fuscana (Becker, 1909), described from Ethiopia (Harar) (redescribed with little 
new information by Becker in 1910). In the 1909 paper he mentions | ¢ and in the 
1910 paper 1 9, both in alcohol. There is, however, a third specimen, a female, now 
pinned ; I examined this recently through the kindness of Prof. E. Séguy, and 
found it to belong to the subgenus Borborillus Duda. 

It seems best to describe the material from Simien as a new species. 

$¢.—_Structurally similar to OC. equina Fallén and C. similis (Collin), apart from 
the particulars already noted. Brownish-black, mostly dulled by bronzy-brown 
tomentum. Antennae dark brown with the third segment reddish-brown. Centre of 
clypeus, stripe on buccae, anterior quarter of frons, orange. Centre and apex of fore 
femur, base and central third of fore tibia, yellowish ; mid-femur yellowish, central 
half ventrally and pre-apical ring, blackish ; mid-tibia yellow-brown with a postbasal 
and pre-apical dark ring ; hind femur yellowish, with a diffuse postbasal dark ring 
and a well defined pre-apical one; hind tibia similarly with two dark rings, the 
distal one before the apex ; all tarsi pale brownish, first two segments of hind tarsi 
darker. Halteres yellow, wings hyaline, with cross-veins and sometimes part of the 
longitudinal veins considerably clouded. Length about 4:0 mm. 

Erurorra.—Simien : near Mindigabsa, over 10,000 ft, from dry soil at roots of 
plants overhanging the stream, 16.xi.1952, type 3, allotype 9 (pinned) ; paratypes : 
same data, 1 2 (pinned ex alcohol); above Lori, ca. 12,000 ft, 28.x1.1952, 2 2; 
Mai Datcha, south-east of Arcuasié, ca. 13,200 ft, from stem of Lobelia rhynchopetalum 
on wide marshy floor of valley, 5.xii.1952, $9 (pinned ex alcohol). 

The allotype has part of a tarsus attached upside down to the lunula ; it looks 
like a teratological specimen, but the tarsus may be stuck there; both antennae 
are present. 
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LEPTOCERA Olivier 
Leptocera (s. str.) kovacsi Duda, 1925 


This species was described from Abyssinia: Chercher [Tshertsher] and Diré- 
Dawa.! One male and female in the present collection probably belong to this species, 
but the genitalia of the male are not sufficiently visible to be certain. The data are 
as follows : — ; 

Ernior1a.—Simien: Arghine, above 11,000 ft, shaken from dry soil at roots of 
grass-tufts in ravine near torrent, 24.xi.1952, SQ (pinned ex alcohol). 


Leptocera (Limosina) xanthographa, sp. nov. (Pl. 15, fig. 1) 


°.—Shining black, head (except tip of third antennal segment and a suffusion of 
part of the posterior regions of the frons and occiput), some patches on posterior part 
of mesopleuron, legs and halteres, pale orange-brown. Wings slightly brown-tinged. 
Length 2:0 mm. or rather less. Arista long, rather more than four times as long as 
antenna, pubescence moderate. Three or four moderate interfrontal bristles, none 
enlarged. One moderate humeral bristle, two dorsocentrals, microchaetes not very 
close, about six rows between the anterior dorsocentrals. Scutellum longer than 
semicircular with four long bristles. Wing (Fig. 1) with first sector of costa with 
moderately long bristles, second sector just longer than third, R2 +- 3 nearly straight, 
slightly bent on to costa at distal end, R4 + 5 slightly overpassed by costa, first part 
of last sector almost straight, last part rather strongly bent forwards, course in 
general distinctly sinuate, meeting margin rather farther in front of wing tip than 
point where M1 + 2 would meet margin is behind wing tip, cell not broad, with two 
distal veinlets, alula narrow. Fore and hind legs without any peculiarities, mid-femur 
with one anterodorsal bristle near tip, mid-tibia with a pair of bristles at one-third 
and a pair at three-quarters, latter pair surmounted by a small anterodorsal, no mid- 
ventral, a long apicoventral, mid-basitarsus long, half as long as tibia, with only 
very short ventral bristles. Abdominal tergites 1-6 all of about the same length, 
without any striking bristles except the usual lateral ones, cerci with two shorter 
dorsal and two longer sinuous bristles. 

6.—Resembles female except :—mid-femur beneath with a small comb of about 
four bristles at base, tibia slightly curved, with some very short, comb-like ventral 
bristles at apex, apical ventral bristle short. Genitalia rather small, four long bristles 
in a row at anterior (dorsal) end of anal split, sternites normal. 

Erutorra.—Simien : Arghine, 11,500 ft, or higher, shaken from dry soil at roots 
of grass-tufts in ravine near torrent, 24.xi.1952, type 2, allotype g, and 2 g, 5 9 
paratypes ; paratypes (in alcohol), same data, 8 g, 16 2; Mindigabsa, ca. 10,000 ft, 
from soil under bushes, 29. xii.1952, 3 3, 3 9. 

This species runs down in Duda’s key (1925, p. 153) to L. pullula (Duda) but the 
costa is not so much produced beyond R4 + 5; there is no enlarged pair of inter- 
frontal bristles in the female and the bristles of the mid-tibia are different. L. brevi- 
costata (Duda) has a dark head and the costa does not overpass R4 + 5. The male 


genitalia and the colour of the head are different from those of the Ethiopian species 
L. heteroneuroidea Duda. 


Leptocera (Limosina) carbonicolor, sp. nov. (Pl. 15, Fig. 2) 


3¢.—Black, especially strongly shining on top of head and mesoscutum ; legs 
yellowish-brown, fore pair a little paler, hind pair a little darker ; halteres whitish- 
brown ; wings light brown. Length about 1:7 mm. 


1 The mountains of the Chercher district lie west of Harar and reach altitudes above 8000 and 


even above 9000 ft. The town of Diré-Dawa (on th il lies 5 i 
the south reach much higher altitudes.—H. S. Se ee eee ae ana 
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$.—Arista long, nearly four times as long as antenna, with long pubescence. 
Three moderate interfrontal bristles, none enlarged. Frontal triangle and orbits 
almost lacquered, very shining, area between them duller in front. One moderate 
humeral bristle, two pairs of dorsocentrals, both long, microchaetes moderately 
close, about eight rows between the anterior dorsocentrals, surface lacquered black 
with a faint brown dusting. Scutellum about semicircular with four long bristles. 
Wing (Fig. 2) with a pair of longish bristles at extreme base of costa and on sector 
between humeral cross-vein and end of Se four other bristles of the same length 
(i.e., considerably longer than usual), second sector of costa just shorter than third, 
R2 + 3 at first straight but then gradually but quite strongly curved on to costa, 
R4 + 5 gradually curved forwards, not S-shaped, a little overpassed by costa, not 
ending far in front of wing-tip, discal cell rather narrow, with two veinlets, alula 
narrow. Fore and hind legs without any peculiarities. Mid-trochanter with no long 
bristle, mid-femur on proximal third with a row of six short posterior bristles, on 
distal quarter with three small anterior bristles, mid-tibia a little curved, with a pair 
of bristles at one-third with two much smaller bristles above and between them, a 
pair at three-quarters, the anterior one considerably the larger and surmounted by 
two small ones placed side by side, no mid-ventral bristle, apicoventral short, mid- 
basitarsus long, about half as long as tibia, with only weak hair-like bristles beneath. 
Abdomen without long bristles, first tergal plate (= i + ii) considerably the longest, 
iii and iv equal in length and rather more than half as long, v shorter with a long 
bristle on each side, and a whitish posterior membrane, genitalia rather large, anal 
split subcircular with a long bristle on each side above and a somewhat shorter one 
on each side below, ventrally a pair of small pale hooks are usually seen protruding 
with another bristle on each side ; fifth sternite with numerous outstanding bristles 
which are tuft-like on each side. 

©.—Resembles the g except :—mid-femur with no bristles on proximal third, 
distal anterior bristles 3-5, no mid-ventral bristle, apicoventral rather longer. Cerci 
stout and strongly protruding, ending in one short rather stout bristle each ; sternites 
simple. 

eee Sinian : Arghine, above 11,000 ft, shaken from dry soil at roots of 
grass-tufts in the ravine near torrent, 24.xi.1952, type 3, allotype 2, 2 J, 1 9 para- 
types (pinned ex alcohol). 

In Duda’s key (1925, p. 153) this species runs to couplet 46 ; here it agrees best with 
L.beckeri Duda (recorded from the Ruwenzori and Kivu regions by Vanschuytbroeck 
1950), but the costa extends beyond R4 + 5. It differs from the other two species 
in this couplet (LZ. nana Rondani and L. plumbea Duda) in having the second costal 
sector longer than the third. It also differs from the former in the pale halteres and 
the large bristly $ genitalia ; from the latter in the shining head and thorax. In 
the key to European species (1938, Duda in Lindner, Die Fliegen, 51, 101) it runs 
either to couplet 15 but has a long-haired arista combined with a narrow alula or, 
if taken to couplet 29 (LZ. nana (Rondani) and L. fucata (Rondani)), L. fucata has 
R5 sinuous, halteres yellow, the mid-tibia has three long dorsal bristles on proximal 
third, and no bristles on the male genitalia. It does not seem to be close to the species 
described by Vanschuytbroeck in 1950 (L. kivuensis and L. maculata). 

L. nitens (Stenh.), redescribed by Collin (1956), also comes near to L. nana (Ron- 
dani), but the knob of its halteres is black, $ genitalia without long bristles, and the 
bristles of the mid-tibia are quite different. 


Leptocera heteroneuroidea Duda, 1925 


Several examples, male and female, collected in Simien apparently belong to this 
species, but they were pinned after being preserved in alcohol, whereas the specimens 
originally described by Duda (which are now in the Budapest Museum) were pinned 
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dry. Certain small differences between the specimens collected in Simien and the 
original description may be due to the different method of preparation. 

The chief differences are as follows:—Q; cerci prominent, ending in a long 
sinuous bristle. g; the genitalia apparently agree with the description, but the last 
visible sternite is prominent on each side and bears there a stout curved spike and 
a group (almost a tuft) of short, stout bristles. 

Erstorra.—Simien : Mindigabsa, ca. 10,000 ft, from soil under bushes, 29. xii. 
1952, 1 3,29; Arghine, above 11,000 ft, shaken from dry soil at roots of grass-tufts 
in the ravine near the torrent, 24.xi.1952, 1 g, 1 9. The specimens (1 3, 1 9) 
originally described by Duda were collected by Kovacs in March 1912 at Maraquo 
[Marako], a district far south of Simien, lying south of Addis Ababa and west of Lake 
Zwai; its altitude also is much less, mainly about 6000 ft and upwards. 


Leptocera sp. 


Erntorra.—Simien : Mai Datcha, south-east of Arcuasié, ca. 13,200 ft, from stems 
of Lobelia rhynchopetalum on the marshy floor of the valley, 5.xii.1952, 2 3. 
The specimens, in alcohol, are in poor condition. 


_ Leptocera sp. (Group of L. crassimana (Haliday)) 


Erxioria.—Simien : Mai Datcha, south-east of Arcuasié, ca. 13,200 ft, from litter 
in tunnels of small rodents, 5.x1i.1952, 1 2 (pinned ex alcohol). 

This species is near L. clunipes (Meigen, 1830) (= L. crassimana (Haliday, 1836)), 
but seems decidedly distinct, It cannot, however, be satisfactorily described from a 
single female example. The specimen is rather large, with slightly darkened wings and 
a broad alula; the arista is very long, four times the length of the antenna, with 
short pubescence ; there is a pair of long bristles on the middle tibia, side by side, 
at 4/5; the mid-basitarsus is very long. 


RICH 
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Fig. 1.—Leptocera (Limosina) xanthographa, sp. nov. ; wing, x 58. 
(Photograph by J. W. Siddorn) 


Fig. 2.—Leptocera (Limosina) carbonicolor, sp. nov. ; wing, x 58. 
(Photograph by J. W. Siddorn) 
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JOURNEY TO HIGH SIMIEN (NORTHERN ETHIOPIA), 1952-53 : 
DIPTERA, CALYPTRATA 


By Dr. F. I. van EmMpEN* 
Commonwealth Institute of Entomology. 


(Communicated by Huex Scort, Sc.D., F.R.S., F.L.S.) 


(With 6 text-figures) 


[Read 29 January 1959] 


CottEectine Diptera was not one of the principal aims of Dr Hugh Scott’s journey 
to northern Ethiopia (Simien) in 1952-53, for which reason only a modest number of 
specimens of this Order was brought back. Among these the Calyptrata are repre- 
sented by 36 examples, of which 19 formed part of a swarm found hovering near the 
shade of a rock-face. These prove to belong to a species of Atherigona, new to science 
like so many forms of this large genus. The remaining 16 specimens belong to 12 
species, most of which are widely distributed and more or less common. Nevertheless, 
they also include two interesting new species, while study of them has rendered it 
possible to compare Limnophora simulans Stein and L. elgonica Emd. in a more 
satisfactory way than had been possible before. 

Figures. These were drawn with a camera lucida, and either a Zeiss binocular 
or a Leitz monocular micsoscope. These two instruments are indicated in the legends 
by Z and L respectively. After Z the first number, 2, indicates the eyepieces used, 
while ‘a2’ or ‘a3’ indicates the pair of objectives. After L, the first number (4) 
indicates the eyepiece, the second number (3) the objective. The scale-lines, drawn 
to the same magnification as the figures to which they are attached, represent either 
one millimetre or several, or fractions of a millimetre, as shown in each case. 


TACHINIDAE 


DEXIINAE 
Billaea rhingiaeformis, sp. nov. (Figs 1, 2) 

Length 10-5 mm., of wings 8-7 mm. 

Fuscous-black with moderately dense greyish-white dust ; jowls, clypeus, anterior 
part of interfrontalia, palpi, apical two-thirds of scutellum, trochanters and tibiae 
dull reddish-orange ; abdomen pale ferruginous with a broad fuscous-black median 
vitta. 

Head (Fig. 1): more than a third (0-36) wider and almost one-fifth (0-19) longer 
at mouth margin than high ; frontal profile virtually straight and fully twice length 
of facial profile, which is strongly convex above, as the facial keel is rounded and 
strongly raised, and concave below middle; mouth margin slightly more projecting 
than facial keel and much more so than anterior end of lunula and the vibrissal 
angles, which lie above mouth margin by almost width of third antennal segment 
and above ventral extremity of peristome by fully twice that width. Vibrissae 
markedly stronger than strongest peristomal setae, somewhat behind level of the 
most anterior of these, the ‘ vibrissal angles ’ thus slightly less produced than the part 
of the mouth-margin just below them ; eyes bare, frons an eighth of width of head 


* Unhappily Dr van Emden died on 2 September 1958, before this paper was printed. His 
script has been closely followed in correcting the proof.—n. s. 
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above, strongly widened to lunula; interfrontalia near anterior ocellus less than 
width of ocellar tubercle, evenly widened with straight sides to lunula, where it is 
more than half as wide again as frons at narrowest part ; parafrontalia densely dusted 
greyish-white, with 9-12 inclinate setae, which become smaller behind and are followed 
by some setulae extending almost to level of anterior ocellus, otherwise with numerous 
inclinate black setulae, which form 4-5 irregular rows at level of second antennal 
segment, extending well below the lowest inclinate seta, which lies just above base 
of antennae ; inner vertical strong, outer one hardly differentiated from the long 
upper postocular setulae; parafacialia one-third, jowls upwards of one-quarter 
(0-28) greatest width of eye. Antennae one-half length of clypeus, third segment 
fuscous with dull reddish base, twice as long as wide, first and second segments 
dull reddish with infuscated disc, basal segments of arista very short, third shortly 
plumose on just over basal two-thirds, longest hairs hardly more than half as long as 
width of third antennal segment. 


3-Omm, 30mm. 


Fie. 1. Fie. 2. 
Fic. 1.—Billaea rhingiaeformis, sp. nov., type. Lateral view of head. 22, a2. 


Fic. 2.—Billaea minor Villeneuve. Lateral view of head (specimen from southern edge of forest, 
Mt Kenya, 5000-6000 ft, 7.11.1911). 22, a2. 


Thorax moderately densely dusted whitish-grey, with 5 fuscous vittae, the para- 
median ones fused towards neck with the median vitta and only slightly exceeding 
level of first post de behind (but in posterior view suffusedly extended backward by 
shifting darker grey coloration), the median vitta somewhat dusted with brown, 
almost reaching scutellum ; 1 + 1 rather strong acr, the prst one anterior to level of 
last prst de, 3 + 4 strong dc, 0 + 2 2a, the first post one missing, 2 ph, the outer one 
as far away from median line as the strong prst, 2 npl surrounded by numerous hairs, 
pra rather fine, 2-3 sa, 2 strong postalars ; scutellum with 3 marginals and 2 discals 
on either side, 4-5 humerals, anterior mesopleural with 1-2 fine setulae adjacent, 
mesopleural row containing 6—7 strong setae, 2 + | stpl. 

Abdomen shortly ovate, dorsal basal excavation of first segment reaching hind 
margin ; the black median vitta on first segment everywhere wider than the excava- 
tion, at base of second occupying more than a third, at apex a quarter of width of 
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segment, at base of third segment less than a quarter, at apex a quarter, at base of 
fourth segment less than a third, bluntly pointed at the hind margin ; discal setae 
absent, first segment with 2 lateral, but without median, marginals, second with a 
pair of median and 3-4 lateral marginals, third with a marginal row formed by about 
5 pairs of setae on dorsal and dorsolateral surfaces, fourth with a marginal row of 
5-6 pairs and some irregular weaker setae laterally in front of them, (apparent) fifth 
with.a pair of fine setae at hind margin ; first genital segment with a small suffused 
dark median spot at base, without any setae or hairs but with some whitish dust, 
second genital segment with rather dense erect recurved black hairs. 

Wings subhyaline with a slight brownish tinge, which is more conspicuous along 
the veins; these are brown and—the concave ones—testaceous ; r—m piceous ; 
node at base of 7,,, with 24 setulae on each surface ; sc not quite reaching level of 
r—m, 7, reaching about middle between levels of r-m and m—m, r—m lying between 
two-fifths and middle of discal cell, m~m rather sigmoid and oblique, meeting both the 
fifth and fourth veins at almost right angles and the latter vein half as far from the 
bend as from rm, bend with a minute genuine appendage, apical cross-vein forming 
a very slightly obtuse angle with m, outwardly concave behind but quite straight on 
apical three-quarters. Calyptrae opaque whitish-grey with ochraceous border and 
whitish fringe. Halteres reddish-yellow. 

Legs moderately slender ; fore tibia with 2 py setae and a row of very small ad 
setae ; mid femur without a and av setae, but on basal half with 5—6 somewhat 
uneven pv setae, mid tibia with 3 ad and 2 p setae ; hind femur with a row of 6 very 
uneven av and, on basal half, 3 strong pv setae, hind tibia with 2 pd, 3 ad (forming 
part of a row of ad setulae) and 1 av seta. 

Erutopra : Simien, Lori, 11,500 ft, 1.xii.1952, 1 3 (type). 

Next related and similar to Billaea minor Villeneuve, to which B. rhingiaeformis 
will be traced without difficulty in my key (1947, Proc. zool. Soc, 116, 6 ). B. minor 
has several more or less fine but normally distinct prst acr, the humeral callosity is 
pale ferruginous, the head (Fig. 2) less like that of Rhingia (only seven-eighths as 
long at mouth-margin as high), the jowls much wider and the first genital segment 
hairy. B. minor is known from Nava, SE: Congo (Katanga : Kambove), Kenya, 
Ueanpa and central Erutopra (Addis Ababa). 


CALLIPHORIDAE 
REINIINI 


Stomorhina lunata F. 


ERITREA: Asmara, c. 7600 ft, 19.x.1952, 1 9. 

Erutopra : Simien, Lori, c. 11,500 £6, 27 x0. 1952" 100% : 

This well-known enemy of locust eggs has been recorded from BERMUDA, MADEIRA 
and the Canary IsLtanps to Persia, BaLucuistan, Ropricunz and Mavritivs, 
and from the Care to southern ENGLAND and central Europe (Peris, 1952, An. 
Estac. exp. Aula Dei, 3, 1, 20; Zumpt, 1956, Calliphorinae in Lindner, Flieg. pal. 
Reg., 641, 120), though probably not or seldom breeding in Britain or central Europe. 
I have also seen specimens from the Capr VERDE ISLANDS. 


CHRYSOMYIINI 
Chrysomyia putoria Wied. (Figs 3, 4) 


ERITREA : Asmara, ¢, 7600. ft, 21.x.1952, 1 g. Distributed over the whole of 
the Ethiopian region including Mapacasoar, the SEYCHELLES, Mauritius and 
Reunion. 

Zumpt (1956, Hxplor. Pare. nat. Albert, fasc. 87, 188) considers C. putoria only . 
as a form of C. chloropyga Wied. entitled to less than subspecific rank. As the areas 
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of distribution of chloropyga and putoria coincide to a considerable extent (i.e. in S. 
and E. Africa, where both occur from the Cape to the Sudan and to Angola and Belgian 
Congo, whereas I have no record of chloropyga having been found in any of the countries 
to the north-west of the Belgian Congo or on the islands east of Africa), it would ob- 
viously be difficult to maintain that they are geographical races (= subspecies), I 
agree with Dr Zumpt, therefore, that the alternative is that of insignificant forms 
(including seasonal dimorphism and the like) or of good species. Among the many 
hundreds of specimens studied I have never found one in which the thoracic pattern 
did not clearly separate chloropyga and putoria and, until very recently, I have not 
even seen specimens which could be considered as markedly transitional between 
them. The few “ transitional ’, specimens I have studied during recent months were 
apparently the progeny of one female and were sent for identification by Dr J. Gillet 


IKGeos Hie. 4. 


Fig. 3.—Chrysomyia chloropyga Wiedemann, 2. Front view of head 
(specimen from Deelfontein, South Africa). 22, a2. 


Fic. 4.—Chrysomyia putoria Wiedemann, 2. Front view of head. 
(specimen from Maun, Bechuanaland). 722, a2. 


of Bukavu, Belgian Congo. The usual presutural spot on each side is dark and more or 
less transverse in these specimens without, however, being connected to the faint 
and narrow longitudinal vitta, whereas in chloropyga the latter is as strongly developed 
as the presutural spot with which it is connected. Moreover, the female sex shows 
a very marked structural difference, the black hairs on the upper half of the para- 
facialia being dense, erect and longer in chloropyga, sO that the orbital setae, of which 
as a rule only one is present, are very inconspicuous (Fig. 3). In putoria (Fig. 4) the 
black hairs are sparser, decumbent and much shorter, the two (to three) orbital 
setae being always conspicuous (though not very erect). In view of these differences 
in coloration, structure and geographical distribution I consider it prudent to continue 
to treat the two forms as good species. 


MUSCIDAE 
MUSCINAE 
Musca (s. str.) domestica curviforceps Sacca 


1A: Simien, Debarec, c. 9800 ft, 11.xi.1952, in tent, 1 3, 1 &. 
he eee of the male are separated by between one-seventh and one-eighth 
(0-13 times) head-width, so that the specimens would be traced to M. domestica vicina 
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in my key (1939, Brit. Mus. (Nat. Hist.) Ruwenzori Expedition, 1934-35, 2, No. oF 
p. 76). Dr Sacca is at present engaged in a study of the geographical distribution of 
curviforceps and other Ethiopian forms of JM. domestica, and some elucidation of the 
status of the various forms may be expected from that work. In the meantime I follow 
Sacca in treating curviforceps as a ‘ subspecies ’, since it is connected with domestica 
and form vicina by transitional forms. 


Musca (Plaxemyia) lasiophthalma Thoms. 

Musca lasiophthalma van Emden, 1941, Ent. Exp. to Abyssinia 1926-27, Diptera Cyclorrhapha, 
Muscidae i, Ann. Mag. Nat. Hist. (11), 8, 233; 1948, Brit. Mus. (Nat. Hist.) Hap. to South- 
West Arabia, 1, No. 14, 173. 

Erntopta : Simien, Debarec, c. 9800 ft, 14. xi. 1952, 1 9. eee ee 

This species, also previously found by Dr Scott in southern Ethiopia, is distributed 
from the Carr northwards to NorTHERN EruiopiA, the ADEN PROTECTORATE and. 
the YEMEN. 


Orthellia rhingiaeformis Villeneuve 
Orthellia rhingiaeformis van Emden, 1956, Ann. Mus. R. Congo Belge (8° Zool.), 51, 509. 


Erirrea: Asmara, c. 7600 ft, 21.x.1952, 1 3. 
This species, already recorded from Eritrea (van Emden, 1956), is also known, 
from Erniopia, BELGIAN Coneo, UGanpa, Kenya and SoutTH AFRICA. 


Stomoxys taeniata Bigot 


Eritrea: Asmara, c. 7600 ft, 21.x.1952, 2 ¢. 

The distribution of this rather striking species of the genus extends from Navan 
through SouTHERN RHopESIA, NYASALAND, TANGANYIKA and Kenya to the SuDAN, 
Erutoria and Eritrea. (Zumpt, 1950, An. Inst. Med. Trop., 7, 403, recorded 
it from ‘ Central Africa ’.) 


PHAONIINAE 
LIMNOPHORINI 


Limnophora elgonica Emd., subsp. aethiopica, nov. 


Limnophora elgonica Emd., 1948, Ent. Exp. to Abyssinia, 1926-27, Diptera Cyclorrhapha, 

Muscidae ii, Ann. Mag. Nat. Hist. (ii), 14, 462-463 (in the number for July 1947, not published 

till April 1948) ; 1951, Brit. Mus. (Nat. Hist.) Ruwenzori Eap., 1934-35, 2, No. 6, 412-415, 

figs 24-26. 

Erutorta: Simien, below Atgheba Ghiyorghis, c. 10,500 ft, 7.xii.1952, 1 9; 
Lori, c. 11,500 ft, 27.xi.1952, 1 9. 

In both the above-mentioned female specimens the postsutural band is separated 
by whitish dust from the dark scutellar spot, but in posterior view a suffused faint 
dark vitta can be seen to connect them. The fourth abdominal segment shows a 
pair of dark spots which are separated by a whitish-dusted median vitta. The same 
is the case in three male examples from Mt Zuquila (1926), mentioned in 1951 (op. 
cit., p. 415). 

Excepting two female specimens (respectively from the River Hawash, and from 
Mt Chillalio at about 7000 feet, 1926), all the Abyssinian examples referred to LD. 
simulans Stein in my paper in 1948 really belong to L. elgonica subsp. aethiopica. 
The males, namely the three (not two as stated in 1947) from Zuquala mentioned 
above, and one from Maraquo (viii. 1914, Kovacs) have the postsutural band connected 
in the typical way with the scutellar spot. 

The two female examples deviating in this respect (namely those from the River 
Hawash and Mt Chillalo, mentioned above) were undoubtedly rightly identified 
as L. simulans Stein, but the other specimens from Ethiopia belong to the new sub- 
species proposed here, evidently an Abyssinian form of L, elgonica. The male genitalia 
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differ in the typical form and the Abyssinian form, as shown in the figures (1951, 
op. cit., figs 25, 26). Therefore the form aethiopica must be regarded as a well-defined 
subspecies. 

_ The type of subsp. aethiopica is an undissected male specimen from Mt Zuquala 
(in the crater, c. 9000 ft, 26.x.1926, Omer-Cooper) in the British Museum, where are 
also the following paratypes: 2 dissected 3, 1 2 with the same data as the type ; 
1 Q from the same place but collected 21-25.x.1926 (Scott); cultivated country 
near Addis Alam, 8000 ft, 18-19.ix.1926, 3 9 (Scott); Addis Ababa, 10.x.1926, 
1 2 (Omer-Cooper) ; Jem-Jem Forest, 8000 ft, 23.ix.1926, 1 2 (Omer-Cooper), and 
nearly 9000 ft, 24.ix.1926, 2 2 (Scott); Mt Chillalo, Digalla, 9500 ft, 26.xi.1926, 
1 9 (Scott) ; Mulu, above Muger Valley, 8000 ft, 18-23. xii. 1926, from marshy ground, 
1 Q (Scott) ; Maraquo (Guraghé country), viii.1914, 1 3 (Kovacs). 

_ From the Budapest Museum I have received in exchange 3 9 paratypes of L. 
simulans Stein, two of them being from Ethiopia (Diré-Dawa, 19.ii.1911, Kovacs, and 
Maraquo, v.1912, Kovacs). The second of these has lost its abdomen, but the fourth 
abdominal segment of the first shows the divided spot of subsp. aethiopica, so some 
specimens considered by Stein as typical simulans evidently belong to L. elgonica 
subsp. aethiopica. The third specimen (Maraquo, iii. 1912, Kovacs) has a dark median 
spot on the fourth tergite and belongs to the species interpreted by me as L. simulans. 

Stein compares his L. simulans with L. notata and L. notabilis, with which 
it tallies ‘ vollstandig ... in Farbung und Zeichnung des ... Hinterleibes’. 
As notata and notabilis have a more or less distinct dark median spot or vitta but no 
trace of the conspicuous dark paired spots typical of elgonica aethiopica, only the speci- 
men from Maraquo fits the description. The type-series in the Budapest Museum 
was destroyed during the events of 1956, but Stein’s collection in the Berlin Museum 
contains 12 specimens, all of which I have been enabled to study through the courtesy 
of Prof. F. Peus. They all carry a brick-red label ‘ Type’, but nine of them are from 
New Hannover in Natal, viii.1913, and were not mentioned in the original description 
(published 24.xii.1913) but only in Stein’s later paper (1918, Ann. Mus. nat. Hung. 
16, 197). These nine are, therefore, not available for the selection of a type, 
although they are typical simulans. The other three (1 3, 2 9) are from Diré-Dawa, 
19.x.1911, but have a pair of large spots on the fourth tergite and the dark post 
band more or less clearly connected with the dark coloration of the scutellum, so 
they do not correspond with Stein’s description of simulans, but both agree with my 
description of elgonica aethiopica, of which they are paratypes. The only specimen, 
then, which forms part of Stein’s original series and fits the description, is the male 
from Maraquo in the British Museum (Natural History), collected ii.1912 (Kovacs), 
and this is herewith selected as the type of Limnophora simulans Stein. 


Limnophora scotti, sp. nov. (Fig. 5) 


Length 5-5 mm.; of wings 5-1 mm. 

3.—Piceous-black with brown and whitish-grey dust, the latter on thorax re- 
stricted to dorsal part of shoulders and a narrow vitta extending forward on the line 
of the de from suture to the posterior prst dc and from there faintly to neck, rest of 
thorax dusted brown, more densely so on notopleurae and the line of the post dc ; abdo- 
men densely dusted whitish-grey, anterior three segments with a pair of large sub- 
triangular black spots, which are dusted brown, especially along their margins, and 
which leave a moderately narrow median vitta and a rather large antero-lateral 
triangle pale-dusted ; fourth segment with a narrow brown-dusted median vitta. 

Head (Fig. 5) piceous-black with thin brown dust, especially on parafacialia 
and anterior part of jowls, as long at vibrissal angles as high, the latter strongly 
produced and markedly raised above the long and straight ventral outline of the head, 
occiput with numerous irregular rows of black setulae ; palpi and mentum long and 
very slender; face shorter than frons, which is straight in profile; eyes almost 
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arated by almost one-seventh (0-14) head-width, frons moderately broadened 
si ples and aie interfrontalia dull fuscous-black, rather broad, hardly widened 
behind, somewhat more widened to lunula, parafrontalia linear behind, moderately 
dilated in anterior half where 5-6 rather long and fine inclinate setae are present, 
1-2 fine setulose hairs between and above them and a rather long proclinate setula 
at level of anterior ocellus, ocellars and interior verticals long but rather fine, outer 
verticals rather fine, the uppermost postocular setulae long and not much weaker ; 
parafacialia half as wide again, jowls fully twice as wide, as third antennal segment. 
The latter rather angular at dorsal apex and falling short of mouth-margin by more 
than its own width ; arista with short pubescence on basal half, virtually bare apically 
longest hairs about half as long as its basal diameter. 
Thorax with rather long but sparse erect fine hairs, the acr ones not stronger, except 
for a pair of distinct prsc ; 2 + 3 strong dc, anterior ia strong, posterior one finer, 
pra distinct but rather weak; 1- 2 stpl, the lower one almost twice as widely 
separated from the anterior as from the posterior one. 


Fie. 5.—Limnophora scotti, sp. nov., type. Lateral view of head. Z2, a3. (The two setulae 
on the lower end of the parafacialia do not exist on the right side). 


Abdomen oblong-ovate, slightly flattened, hair long and erect. towards and at 
sides, first segment with rather dense almost straight bristles on posterior half of 
sides, almost forming a tuft, second and third with rather strong lateral discals and 
marginals, fourth with a row of strong discals, which lie on brown dots, and two 
rows of not very strong marginals ; hypopygium slightly projecting. 

Wings conspicuously smoky, especially on basal and anterior parts, the base to 
beyond h fuscous, veins dark brown, bare including r, and node at base of 74,5; 1, 
not quite reaching level of rm, which lies near three-fifths of discal cell ; To,5 distinctly 
somewhat curved back and slightly sinuous, 4,5 rather conspicuously curved back, 
m rather strongly upcurved at apex, where it is somewhat sinuous, m—m almost 
straight and very slightly oblique, fully half as long as last section of m. Calyptrae 
whitish, the lower one with yellowish border and fringe. Halteres reddish-yellow. 

Legs rather slender, fore tibia without submedian setae ; mid femur with 4 pv 
setae on basal two-fifths and with a p and a pd preapical, mid tibia with one p seta, 
which lies at middle ; hind femur with an ad row of rather dense and strong setae 
and 2 av setae near apex, hind tibia with 2 strong ad setae and a rather small av 
slightly beyond the distal one. 


Ersioria: Simien,- Ras Degien, below the pass, over 14,000 ft, 11.xii.1952, 
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fee ge Senecio farinaceus and Helichrysum citrispinum at highest point reached, 
type). 

A striking species in consequence of its produced mouth-margin, which gives 
the head great similarity to that of Lasiops (Rhynchotrichops) rostratus Meade, and 
to some extent to that of the Syrphid genus Rhingia. The prosternum is broadened 
anteriorly, somewhat shield-like and setulose as in other’ Limnophora, but the node at 
the base of r,,; is bare on both the dorsal and ventral surfaces. In my key (1951, 
Brit. Mus. (Nat. Hist.) Ruwenzori Exp., 1934-35, 2, No. 6,.pp. 381-388) L. scotti 
will be traced to paragraph 47, but it differs conspicuously from L. melanota Emd. 
and the subspecific forms of that species by the strongly produced mouth-margin 
and the almost bare arista. In the only specimen seen, the ventrobasal scale shows a 
hair near each hind angle. 


Limnophora aculeipes aculeipes Stein 


Iamnophora aculeipes Stein, 1913, Ann. Mus. nat. Hung., 11, 521. 
Limnophora aculetpes Emd., 1948, Ent. Exp. to Abyssinia, 1926-27, Diptera Cyclorrhapha, 

Muscidae ii, Ann. Mus. Nat. Hist. (11), 14, 468 (in number for July 1947, not published 

till April 1948). 

Limnophora aculeipes aculeipes Emd., 1951, Brit. Mus. (Nat. Hist.) Ruwenzori Hxp., 1934-35, 

2, No. 6, 436. 

Erutorta : Simien, Ambaras, between Khabau and Aostagheb, 10,800-11,500 ft, 
19-20.xi.1952, 1 9. This species was recorded in 1948 from several places at altitudes 
ranging from 8000 to above 12,000 feet (the latter on Mt Chillalo): In 1951 I noted that 
I had subsequently seen two of Stein’s paratypes from Diré-Dawa. 

The specimen from Simien is rather small with the thorax almost evenly browned 
on dorsum, so that the three vittae can only be seen with some difficulty ; but an 
almost identical female was found by Dr Scott together with typical ones on Mt 
Zuquala in 1926. The type-form is known only from Ethiopia, but some interesting 
subspecies have been found on the mountains of Kenya. 


COENOSIINAE 
Atherigona (s. str.) hyalinipennis, sp. nov. (Fig. 6) 

Length, 2-9-4-1 mm.; of wings, 2-9-3-6 mm. 

3.—Head testaceous with fuscous-black occiput (except lower part) and frontal 
triangle, densely dusted greyish-white. Interfrontalia testaceous, more brownish- 
testaceous along frontal triangle, slightly broadened anteriorly ; parafrontalia with 
(3-)4(—5) inclinate setae and 1 reclinate seta. Inner verticals strong and rather long, 
outer one much shorter though quite strong, postverticals and ocellars well developed. 
Antennae pale ferruginous, third segment browned along dorsal.(anterior) and apical 
margins, arista brownish-ferruginous with the apical half darkened, somewhat 
elbowed, first and second segments 14-3 times longer than wide. Palpi pale testaceous. 
Jowls slightly narrower than, or as wide as, parafrontalia at middle. : 

Thorax including scutellum piceous-black, densely dusted whitish-grey ; humeri, 
propleurae and anterior margin of mesopleurae pale ferruginous ; prst acr in 4 rows, 
the last one of the paramedian rows slightly longer, the prsc pair even more con- 
spicuous, 2 + 34 dc, only the last two pairs strong ; lateral scutellar seta only slightly 
shorter than apical one; upper propleural strong, lower one small, prostigmals 
setulose ; stpl arranged in a practically equilateral triangle, which is almost or quite 
devoid of hairs, lower seta much weaker, posterior slightly stronger, than anterior 
one. : 
Abdomen pale testaceous, moderately densely dusted yellowish-grey, and, in places, 
whitish-grey ; second and third segments with a pair of small ovate to subtriangular 
fuscous-brown spots on posterior half, first and fourth unspotted, first to third segments 
with a row of marginals on lateral surface, second also with a TOW of lateral discals, 
fourth with a marginal row of longer setulae. Hypopygial prominence short, dilated, 
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truncate and with a median notch in posterior view, the two apical knobs flattened 
and subtriangular in top view, as in A. bedfordi Emd. and A. nudiseta Mall. Trifoliate 
process (Fig. 6) of superior forceps with stem and basal part of the lobes pale ferru- 
ginous, the connecting piece large, triangular and pale ferruginous, the lateral lobes 
broad, their outer surface pale on basal two-thirds, the inner surface pale only dorsally 
and ventrally, and with a strongly raised sharp basal keel which in posterior view 
appears like a small basal spine, apical part becoming piceous-brown and purplish- 
black ; median lobe only narrowly and suffusedly pale at base, otherwise piceous- 
brown and, at apex, purplish-black, basal half laterally (Fig. 6b) compressed, apical 
half moderately dilated into a triangular shape, apex broadly emarginate and, on 
each side, with about six very short stubby black setulae. 

Wings hyaline with pale testaceous veins, the apex without the trace of a brown 
border, 7,,, and m slightly converging at apex, rm at almost two-fifths of discal 
cell. Lower calyptra whitish, subopaque, slightly smoky towards apex, border 
yellowish-white. Halteres whitish-yellow. 


O-3mm. 
e+ 


Fie. 6.—Atherigona hyalinipennis, sp. nov., type. Trifoliate process of superior forceps. 
a, dorsal view ; 6, lateral view. 4, 3. 


Legs pale testaceous, fore femur browned on apical third, especially of dorsal 
surface, fore tibia strongly browned on apical half, fore tarsi piceous ; anterior tibiae 
without submedian setae except for a small pd on the mid tibia ; hind tibia with an 
ad at middle and an av and pd somewhat beyond it. 

?.—Similar to male, except for the sexual characters, but with the third antennal 
segment wholly fuscous except at base, the third and normally fourth abdominal 
segments with a pair of small fuscous-brown, and the second as a rule with a pair 
of larger brown or brownish, spots; more than apical half of fore femur and tibia 
piceous. 

Errrrea : on road below Arbaroba, 6800 ft, 12.x.1952, part of a swarm hovering 
near the shade cast by a rock-face in a quarry, ¢ type and 3 3, 15 Q, paratypes (this. 
rock-face, in an old quarry near the road leading down to Massawa, cast its shadow 
a certain distance ; the flies were hovering, not in the deep shadow close to the rock 
but between the rock and the outer edge of the shadow.—H.S8.). ‘ 

Very similar, and closely related, to A. bedfordi Emd. and A. nudiseta Mall. 
both of which differ by the wholly pale (bedfordi, in both sexes ; nudiseta, in g) 
or less broadly browned (2 of nudiseta) front femur and tibia, and in the wholly dark 
lobes of the trifoliate process, the median lobe of which is filiform or very narrow 
in its basal half, if viewed laterally, and less dilated at the apex (especially in nudiseta) 
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if viewed dorsoventrally. In the male of bedfordi, moreover, the apex of the wings is 
narrowly and suffusedly bordered with brown. 


ANTHOMYIINAE 
Hylemyia cilicrura Rondani 


Erirrea: Asmara, 7600 ft, 19.x.1952, 1 g. 
This species is a cosmopolite with a remarkably wide range of pabula. 


CORDULURINAE 
Scatophaga stercoraria L. 


Eritrea : Asmara, 7600 ft, 19.x.1952, 1 3. 

Erstop1a : Simien, Lori, 11,500 ft, 27.xi.1952, 1 3. 

This species, already recorded from both Errrrea and ErTutopia, occurs on the 
mountains of East Arrica and in SoutH Arrica; also in the PaLAraRcric and 
NEARCTIC REGIONS, as well as in INDIA and New Cauepontia. Like other members 
of the dung-fauna, it probably extends its range with the transport of domestic 
animals. : 
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OBSERVATIONS ON THE POST-EMBRYONIC DEVELOPMENT OF 
THE MALE REPRODUCTIVE ORGANS IN LEUCINODES 
ORBONALIS GUEN. (LEPIDOPTERA : PYRAUSTIDAE) 


By Unas.- Srivastava AND B. P. Srivastava 
(Communicated by Dr. C. F. A. Pantin, F.R.S.,’Pres.L.S.) 


Department of Zoology, University of Allahabad, Allahabad, India 
(With Plates 16 and 17 and 2 text-figures) 


[Read 29 January 1959] 


SUMMARY 


THE adult Leucinodes orbonalis has a median testicular mass from the posterior side 
of which a pair of vasa deferentia arises. Each vas deferens swells to form a seminal 
vesicle which continues behind into the long coiled paired ejaculatory duct into which 
also opens an accessory gland. ‘The two paired ducts join to form the unpaired 
ejaculatory duct. The tubular aedeagus has a leafy valve on each side. The genitalia 
are covered above by a broad tegumen bearing a spherical uncus at its apex. The 
vinculum is a narrow plate below. 

The aedeagus and valves develop from the bifurcation of a pair of genital rudi- 
ments arising on the ninth sternum of the larva and hanging into the primary genital 
invagination formed on the ninth sternal region. The tegumen and uncus arise from 
the ninth and tenth terga respectively and the vinculum from the ninth sternum. 

The paired ejaculatory ducts arise as paired rudiments from the apex of the 
primary genital invagination. The accessory glands originate from the longitudinal 
splitting of the anterior ends of these rudiments. True vasa deferentia are formed 
from the testicular covering and join the paired ejaculatory ducts in the region of the 
eighth segment. The unpaired ejaculatory duct develops by the fusion of the aedeagus 
lobes and from the ectodermal invagination between them. The paired testes fuse 
with each other to form a median mass. 


INTRODUCTION 


The development of the male reproductive organs of Lepidoptera has not received 
much attention from workers and these differ widely among themselves. Verson & 
Bisson (1896) ascribed a paired origin to the aedeagus and the valvae in Bombyx mori 
and considered the vasa deferentia and accessory glands to be mesodermal. Klink- 
hardt (1900) thought that the aedeagus arose from an unpaired rudiment. Zander 
(1903) criticized Klinkhardt and agreed with Verson & Bisson in regarding the 
genitalia of Paraponysx stratiotaria as having a paired origin. Much later, Mehta (1933) 
showed that the paired rudiments of the aedeagus and valves arise independently and 
in succession, the vasa deferentia alone are mesodermal, the paired ejaculatory ducts 
and accessory glands arise from ectodermal rudiments and the unpaired ejaculatory 
duct arises from an invagination between the aedeagus lobes. Rakshpal (1944), who 
worked on Galleria mellonella and Achroea jenata, contested many interpretations of 
Mehta and supported Zander regarding the origin of external genitalia. He described 
the origin of the unpaired ejaculatory duct from a groove on the floor of the aedeagus 
and the paired ejaculatory duct and accessory glands from the bifurcation of its 
anterior tip. More recently, Florin (1945) and Ammann (1954) worked on Solenobia 
triquetrella and concluded that the entire paired efferent passage and the accessory 
glands are mesodermal. These widely different conclusions hardly conform with 
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observations in other orders. A study of the development of the male reproductive 
system in Leucinodes orbonalis was, therefore, undertaken with a view to resolving 
the existing controversies as far as possible. 


MATERIAL AND TECHNIQUE 


The insects were reared in brinjal fruits of which they are important pests. The 
study was based mainly on dissection and microtome sections. Fresh diaphanol was 
used for softening chitin and acid alcohol and 10 per cent aqueous solution of piper- 
azine for dissolving urates in specimens meant for section cutting. Sections were 
cut 6-8 micra thick. 


unpaired ejaculatory duct 


Paired ejaculatory duct 


test cmae 
seminal vesicle 


Seal 


accessory gland 


Fic. 1.—Diagrammatic representation of the male reproductive organs 
of adult L. orbonalis. ; 


unpaired ejaculatory duct tegumen 


uncus 


aedeagus 
vinculum 


valve 


Fic. 2.—The male external genitalia of the adult (diagrammatic). 


OBSERVATIONS 


(1) Gross Anatomy of the Reproductive Organs in the Imago 
The testes form a large median mass, lodged in the fifth and sixth abdominal segments. 
Arising ventrolaterally from the testes are a pair of vasa deferentia each of which 
is dilated after a short distance to form a seminal vesicle which leads posteriorly 
into the paired ejaculatory duct. The two paired ejaculatory ducts join with each 
other medially to form the long median or unpaired ejaculatory duct. Two long tubular 
and twisted accessory glands lying parallel and close to each other in the posterior 
abdominal segments open into the proximal ends of the paired ejaculatory ducts of 
their respective sides. Posteriorly, the unpaired ejaculatory duct runs into the thick 
chitinous rod-like penis enclosed in a membranous layer called the penis pouch and 
having a leafy valve on each side. The genitalia are covered above by a broad tegumen 
bearing at its apex a spherical uncus. The vinculum is in the form of a narrow: 


ventral plate (Figs 1 and 2). 
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(2) Development 
(i) The External Genitalia 

Larva.—In the larva, ten abdominal segments can be clearly discerned. The 
first eight segments can be identified by the presence of spiracles, the ninth by its 
rather small size and the tenth segment by its well developed prolegs. The rudiments 
of the genital appendages make their appearance for the first time in the fourth, that 
is, the last instar of the larva. ‘ven , ify». 

In the early fourth instar larva, an unpaired narrow longitudinal invagination 
appears on the ninth sternite. This is the primary invagination of the genital system 
and forms the genital cavity. On each side of this invagination, the ectoderm pro- 
liferates, thus giving rise to a pair of bud-like lateral evaginations. These paired 
outgrowths are the primary genital lobes (Pl. 16, 6). ; 

As the larva grows, the primary genital invagination becomes deeper and wider 
while the genital lobes also enlarge and come to project into the lumen of the cavity. 

Towards the end of the larval period, each primary genital lobe becomes incom- 
pletely divided into two by a longitudinal cleft (Pl. 16, d), so that the primary genital 
invagination, at this stage, contains two pairs of outgrowths: (a) a pair of dorsal 
or inner lobes i.e. the rudiments of the aedeagus lobes and (5) a pair of ventral or 
outer lobes i.e. the rudiments of the valvular lobes. The two lobes of each side are 
still united with each other in their basal regions. : 

Prepupa.—During the early prepupal stage, the primary genital invagination 
becomes wider and deeper and the cleft dividing the inner and outer genital lobes 
becomes more conspicuous although the division is still incomplete. Meanwhile, the 
inner or dorsal lobes become larger and are carried deeper into the genital cavity while 
the outer or the ventral lobes remain towards the outer or posterior side. 

During the late prepupal stage, the primary genital invagination becomes clearly 
differentiated into two regions: (i) the wide posterior region enclosing the genital 
lobes and (ii) the anterior narrow region which becomes more tubular and part of 
which is enclosed between the two outer lobes. Meanwhile, the two pairs of lobes 
become completely separated and the two aedeagus lobes grow close to each other 
and fuse in the median line, first dorsally and then ventrally, thus forming the tubular 
aedeagus (Pl. 17, d). The canal, thus enclosed in the tubular aedeagus, communicates 
anteriorly and dorsally with the part of the primary genital invagination which now 
continues further anteriorly. Subsequently, the cells of the aedeagus wall split, first 
in the dorsal region and then throughout, to give rise to two coaxial tubes. The inner 
tube, along with the primary genital invagination with which it communicates, forms 
the unpaired ejaculatory duct ; the outer tube forms the chitinous aedeagus. 

Pupa.—During the early pupal stage, the ninth and tenth segments are telescoped 
into the eighth segment while the genital structures including the aedeagus are pushed 
back so that the genital cavity is greatly reduced. As a result of these changes, the 
valvular lobes now lie on the surface close to the ninth sternite (Pl. 17, e). As the pupa 
advances in age, the final moulding of the aedeagus and valvae takes place. The 
epidermal cells of the valvae secrete a layer of chitin. The aedeagus attains full size 
and develops the aedeagus pouch which is secreted by the wall of aedeagus in the form 
of a thin chitinous membrane. The unpaired ejaculatory duct becomes surrounded 
by muscle fibres. 

The tegumen and uncus are also developed in the pupal stage. As a result of the 
telescoping of the tenth and ninth segments and the formation of the genital cavity, 
these segments are greatly reduced. The ninth tergum remains distinct but the only 
portion of the ninth sternum left forms the small narrow vinculum. The reduced 
tenth segment is represented by a distinct tergum which forms the uncus while its 
sternum becomes increasingly membranous. The anal tube passes between the two 
sclerites of the tenth segment. With the pupa advancing further, the ninth tergum 
is transformed into the tegumen. It becomes constricted distally and fuses with the 
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tenth tergum or the uncus which later assumes a knob-like appearance. The mem- 
branous tenth sternum gradually disappears and the anal tube now passes between 
the uncus and the ninth sternum (PI. 17, f). 


(7) The Efferent System 


Larvae.—In the full grown larva, two structures become differentiated, viz. the 
testes and the paired ejaculatory ducts. 

In the early fourth instar larva, the testes can be distinguished as a pair of small 
patches of germ cells situated dorsolaterally to the mid-gut. Each testicular rudi- 
ment has a few cells with a thin connective tissue membrane surrounding it. From 
the ventrolateral margin of each testis a solid cord of cells arises which runs posteriorly 
to the sixth abdominal segment where it terminates blindly. This is the forerunner 
of the mesodermal vas deferens (PI. 16, a). 

By this time, the genital cavity to which reference has already been made, has 
been formed. The hypoderm of the forward end of this blind cavity proliferates to 
give rise to a pair of dorsolateral bud-like swellings. The swellings are subsequently 
hollowed out, so that each turns into a small ampulla lying within the body cavity 
and not opening into the genital invagination (Pl. 16, 6). The ampullae grow anteriorly 
to form a pair of small ducts which run up to the middle of the eighth segment. The 
ampullae together with the ducts are the rudiments of the paired ejaculatory ducts 
which so far do not open to the outside. 

In the late fourth instar larva, the two testes grow in size and come close to each 
other (Pl. 16, c). The original mesodermal vas deferens in connection with each testis 
becomes wider and develops a lumen. It becomes convoluted and runs posteriorly to 
the middle of the eighth segment. 

Meanwhile, the primary genital invagination becomes deeper and wider and the 
paired ejaculatory ducts develop wider lumina and also extend forward to the middle 
region of the eighth abdominal segment. 

Prepupa.—tin the early prepupa, the two testes enlarge and come close to each 
other but are still enclosed in two separate membranes (Pl. 16, e). The vasa deferentia 
become further differentiated and their lumina become larger. 

The genital cavity becomes wider. The anterior ends of each of the paired ejacu- 
latory ducts split longitudinally and form two ducts anteriorly, the inner one running 
forward and representing the paired ejaculatory duct, the outer one proceeding out- 
ward and backward and giving rise to the accessory glands (PI. 16, f). 

In the late prepupa, the testes become very large in size and coalesce with each 
other by their inner margins so that but for the intervening membranes of each, they 
lose their separate identity completely (Pl. 17, a). The vasa deferentia become better 
differentiated but otherwise show the same development as in the larva. 

By this time, the two aedeagus lobes can be easily distinguished. Now these come 
close to each other forming the tubular aedeagus. The formation of the unpaired 
ejaculatory duct from its anterior end has already been described. This duct grows 
forward and the posterior ends of the paired ejaculatory ducts which develop from the 
anterior part of the genital invagination become closely applied to it. The paired. 
ejaculatory ducts are pushed further forwards and the accessory glands become elon- 
gated and after running anteriorly for a short distance, turn backward reaching up 
to the anterior region of the ninth segment (PI. 17, 6). 

Pupa.—tin the early pupa, the testes become completely fused with each other 
and the intervening membranes between the two assume the adult shape. The place 
of origin of vasa deferentia shifts to the ventrolateral ends of the fused gonads. Hach 
vas deferens runs posteriorly, comes in contact with the anterior end of the ejacula- 
tory duct of its side and fuses with it. Later, they open into each other. The common 
ejaculatory duct enlarges very much in size and becomes convoluted, thus pushing 
both the paired ejaculatory ducts and the accessory glands still more anteriorly. The 
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accessory glands become differentiated and the posterior ends of the vasa deferentia 
swell to form the seminal vesicles. 

During the later part of the pupal life, the finer modelling of the reproductive 
organs takes place. The accessory glands, the paired ejaculatory ducts and the 
common ejaculatory ducts increase in size and occupy the entire posterior region of 
the abdomen. 


DIscuUSsSION 


(i) The external genitalia.—Practically all workers, except Muir (1918) in Coleoptera, 
and Klinkhardt (1900) in Lepidoptera have shown that the copulatory structures of 
male insects arise from paired rudiments. Muir and Klinkhardt suppose that in 
Coleoptera the aedeagus arises from an unpaired structure and the valves as lateral 
outgrowths from it. Their observations have been conclusively disproved in the 
Coleoptera by Singh Pruthi (1924), Metcalfe (1932), Rakshpal (1946), Pradhan (1949) 
and Srivastava (1953) and in the Lepidoptera, Verson & Bisson (1896), Zander (1903), 
Mehta (1933), Rakshpal (1944) and Florin (1945) have shown that the nature of 
development of the aedeagus is more or less similar. The present observations are 
also in line with these and show that the aedeagus and the valves develop from two 
pairs of rudiments which are themselves derived originally from a single pair. 

Workers in different orders have attempted to homologize different parts of the 
genitalia with parts of the abdominal limbs. In the Lepidoptera, Rakshpal (1944) 
considered the entire genitalia to represent the telopodite. Mehta (1933) did not 
comment on the fundamental nature of the genitalia and believed that the valvae and 
aedeagus develop from separate rudiments. Such a course of development has not 
been noted by any other worker and in L. orbonalis, it has been clearly observed that 
both these structures arise from the same pair of rudiments. In Coleoptera also, 
Metcalfe, Rakshpal, Pradhan and Srivastava have made similar observations but 
Singh Pruthi described a deciduous pair of rudiments and considered these to represent 
the coxites. It seems, therefore, that in the majority of Lepidoptera, as in the Cole- 
optera, the coxites do not make their appearance at all and the entire external 
genitalia represent the telopodites of the ninth segment. In this connection, we may, 
of course, state that very recently Snodgrass (1957) has postulated that the male 
genitalia have nothing to do with abdominal limbs and the paired aedeagus rudiments 
represent the primitive paired penes, which he thinks are non-appendicular. 

Regarding the origin of tegumen and uncus, three views exist : Philpott (1926) 
found that in the Microlepidoptera the tegumen is formed by the ninth tergum and 
the uncus is only an outgrowth of the same. Busch & Heinrich (1921) regarded both 
tegumen and uncus to be derived from the tenth tergite. Macgillivary (1923) agreed 
with them. Karlier, Zander (1903) had emphasized that the tegumen and uncus are 
formed from the ninth and tenth terga respectively. His view has been supported 
by Mehta and Rakshpal. In L. orbonalis also it has been shown that the ninth tergum 
is represented by the tegumen, the distal constricted part of which gets fused with 
the club-shaped uncus representing the tenth tergum. 

(il) The efferent system.—The paired efferent ducts are variously regarded as purely 
mesodermal, purely ectodermal or partly mesodermal and partly ectodermal by 
different workers. Weismann (1864) and Nusbaum (1884) were originally responsible 
for the view that these ducts are purely mesodermal and later George (1928) supported 
it. Kulagin (1897), Seurat (1899) and Michaelis (1900), however, believed that the 
mesodermal ducts are completely replaced by ectodermal ones, and Singh Pruthi 
(1924) shared this belief. Most other workers, like Korschelt & Heider, Metcalfe 
Srivastava, etc., have shown that the anterior parts of the ducts are mesodermal 
while the posterior parts are ectodermal. Hence the anterior part is often named 
the vas deferens and the posterior part the paired ejaculatory duct. In the Lepidoptera 
Verson & Bisson reported that the mesodermal vasa deferentia extend up to the genital 
pouch on the ninth sternum and although they describe a pair of T-shaped ducts 
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between these and the common ejaculatory duct, they regarded these also to be derived 
from the mesodermal vasa deferentia. Zick (1911), Florin (1945) and Ammann (1954) 
described a purely mesodermal origin of the paired efferent ducts and also the acces- 
sory glands. They regard the ampulla-like structures applied to the ejaculatory duct 
as the swollen ends of the mesodermal vasa deferentia. Ruckes (1919), Mehta (1933) 
and Rakshpal (1944) regarded the posterior parts of the ducts to be ectodermal. We 
have shown that the mesodermal vasa deferentia are clearly visible in the fourth 
larval instar and later extend up to the eighth segment while the part of the duct 
behind this point is clearly ectodermal. We regard the ampulla as formed by the 
splitting of the walls of the ejaculatory duct. 

As suggested by Srivastava (1953) in the beetle T'ribolium the seminal vesicle 
appears to mark roughly the junction of the ectodermal and mesodermal parts. 

There is some controversy regarding the manner of origin of the paired ejaculatory 
ducts. Singh Pruthi (1924) contended that in the Homoptera, these ducts arise as a 
pair of invaginations on the eighth sternum. But workers in other orders derive these 
from an unpaired rudiment on the ninth sternum. In the Lepidoptera, besides Verson 
& Bisson (1896) and Florin (1945) who regarded these ducts as mesodermal, Mehta 
(1933) described their development independently from ectodermal ducts on the 
ninth sternum while Rakshpal (1944) derived them from the anterior end of the 
rudiment of the common ejaculatory duct. Hence this mode of origin also resembles 
that seen in the Coleoptera, Homoptera, etc., and must be regarded as primarily 
unpaired. 
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DESCRIPTION OF PLATES 


Puate 16 


Microphotographs of transverse sections in the different regions of the early and late fourth instar 
larvae and early prepupa. a, Part of T.S. of early fourth instar larva in the region of 
fifth abdominal segment, showing the left testis and its mesodermal vas deferens. 6, Same 
in the anterior region of the ninth abdominal segment, showing the formation of the 
primary genital invagination, genital lobes and rudiments of paired ejaculatory ducts. 
c, Part of the T.S. of the late fourth instar larva in the region of the fifth abdominal 
segment, showing that the two testes are coming close to each other. d, Same in the 
region of the ninth abdominal segment showing the division of the genital lobes. e, Part 
of the T.S. of early prepupa in the region of the fifth abdominal segment, showing the 
testis coming closer. jf, Same in the region of the eighth segment, showing the rudiments 
of the paired ejaculatory ducts and the accessory glands. 

ac, alimentary canal; ael, aedeagus lobe ; ag, accessory gland ; cw, cuticle ; ge, genital 
cavity ; gl, genital lobe; hy, hypoderm; ped, paired ejaculatory duct; pin, primary 
genital invagination ; tes, testis; val, valvular lobe ; vd, vas deferens. 


PuatTEe 17 


Microphotographs of the transverse sections of late prepupa and pupa. a, Part of the T.S. of late 
prepupa, showing fusion of testes. b, Same in the posterior region, showing the accessory 
glands and rudiments of the paired ejaculatory ducts. c, Same in further posterior region, 
showing rudiments of accessory glands, paired ejaculatory ducts and the genital cavity. 
d, Same still more posteriorly, showing the unpaired ejaculatory duct, aedeagus and the 
genital cavity. e, Part of the T.S. of pupa, showing the telescoping of the eighth and ninth 
segments and formation of the tegumen and vinculum. f, Same more posteriorly, showing 
the formation of the uncus. 

ac, alimentary canal ; ae, aedeagus ; ag, accessory gland ; ge, genital cavity ; gl, genital 
lobe; hy, hypoderm; ped, paired ejaculatory duct ; teg, tegumen ; tes, testis; wed, 
unpaired ejaculatory duct ; wn, uncus; va, valve ; vin, vinculum. 
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Transverse sections of 4th instar larvae and early prepupa of Leucinodes orbonalis 
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Transverse sections of late prepupa and pupa of Leucinodes orbonalis 
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SUMMARY 


In the adult, the ovaries have four ovarioles each. The paired oviducts join to form 
the common oviduct which opens on the ninth sternum through the muscular vagina. 
The tubular spermatheca opens into the vagina dorsally and a pair of tubular 
accessory glands opens in it posteriorly through a reservoir. The ventrally situated 
bursa opens on the eighth sternum by the ductus bursae which, in turn, communi- 
cates with the vagina by the narrow ductus seminalis. 

The ovaries arise as paired patches in the early larva. Later, these differentiate 
into ovarioles and their epithelial coverings form a pair of solid cords of cells which 
run up to the seventh segment. These develop lumina and give rise to the meso- 
dermal parts of the paired oviducts in the prepupa. The uterine and spermathecal 
rudiments appear as unpaired invaginations towards the posterior borders of the 
eighth and ninth segments respectively. The wide uterine rudiment grows forward 
and bifurcates and, in the late prepupa, each branch joins with the mesodermal paired 
oviduct of its side. A pouch arises ventrally from the uterine rudiment and forms the 
bursa. The spermathecal rudiment also grows forward. Its anterior part forms the 
spermatheca while the middle part touches and communicates with the uterine 
rudiment. A pouch arising from the posterodorsal aspect of the spermathecal rudi- 
ment gives out two outgrowths, thus forming the reservoir and the accessory glands. 
The connection between the bursa and the uterine rudiment narrows down to form the 
ductus seminalis so that the opening of the spermathecal rudiment becomes mainly 
the opening of the oviduct and the opening of the uterine rudiment that of the bursa. 

A pair of small ectodermal longitudinal grooves appears in the anterior parts of 
each of the eighth and ninth sterna in the early fourth instar larva. These are not 
connected with the uterine or spermathecal rudiments at any stage and disappear 
in the prepupa. These are considered to represent the ovipositors. 

The homology of the male and female organs has been discussed. 


INTRODUCTION 


There are only five important studies on the post-embryonic development of female 
reproductive organs of Lepidoptera—those of Jackson (1889) on Vanessa, Verson & 
Bisson (1896) on Bombyx mori, Dodson (1937) on Zygaena and Ammann (1954) and 
Brunold (1957) on Solenobia triquetrella ; and the conclusions these lead to are widely 
different in certain respects. Jackson, who is still most quoted, regarded the azygos 
oviduct, formed from two unpaired rudiments, as ectodermal and described the origin 
of the bursa, spermatheca and accessory glands from two pairs of vesicles, one pair 
each on the eighth and ninth segments. Verson & Bisson derived the entire female 
efferent system from the two pairs of ectodermal vesicles. Later workers in other 
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orders arrived at very different conclusions and Singh Pruthi (1924), Metcalfe (1932) 
etc., particularly challenged their observations. Dodson again partly supported 
Jackson although she disagreed with him regarding the development of the bursa, 
spermatheca and accessory glands and finally Ammann derived these from unpaired 
invaginations but he described paired ectodermal germinal discs and thought that the 
unpaired invagination or groove arose from the union and continued activity of the 
cells of these discs. Similar differences exist regarding other aspects of development 
also. 

The disparity in these observations is clear and has led to controversies regarding 
the homology of the different organs in the two sexes. The present work was, there- 
fore, undertaken to clear up the existing controversies regarding the development of 
female reproductive organs in Lepidoptera as far as possible. 


j Receptaculum 
semints 


Common oviduct a +3 Ie 


Ductus seminalis_‘! 


Vagina 


Bursal opening 
— 


/ Reservoir 


Fie. 1.—Reproductive organs of the adult female Leucinodes orbonalis (diagrammatic). 


OBSERVATION 
(1) Gross Anatomy of the Reproductive Organs in the Adult 


Tn the adult, each ovary has four ovarioles opening posteriorly into i i 

The two paired oviducts unite to form iheetiad eid Ses tae 
opens on the ninth sternum. A large saccular bursa copulatrix, situated ventrall 
opens on the eighth sternum through the ostium bursae. The ductus bursae hey 
municates with the posterior part of the common oviduct or vagina by a narrow 
ductus seminalis. The dorsal tubular spermatheca also opens into the vagina. A 
pair of long tubular accessory glands is situated posteriorly. Each of these opens 


into a reservoir which communicates with the osteri i 
Taher aoe eet posterior part of the vagina through 
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(2) Development 


Larva.—Like the male, the female larva also shows nine distinct abdominal segments 
which can be easily identified on account of the abdominal prolegs and spiracles. 

__ In the early larva, the ovaries appear as a pair of patches of germinal epithelium 
situated dorsolaterally to the gut in the fifth abdominal segment. Each patch is 
surrounded by a thin basement membrane and an external coat of connective tissue. 
There is no indication of the differentiation of these patches into ovarioles or of the 
development of efferent ducts so far. 

Tn the early fourth instar larva, the ovarian patches become larger and cylindrical 
and become differentiated into four ovarioles consisting of germ cells with prominent 
nuclei (Pl. 18,a@). The ovarioles of each ovary converge posteriorly and their common 
epithelial covering extends a little behind to form a thin solid cord of cells running 
posteriorly up to the seventh abdominal segment where it passes internally to the 
tracheae arising from the seventh spiracle of its side, turns abruptly ventrad and 
finally ends blindly in the mid-ventral region of the seventh segment. This solid cord 
is the forerunner of the mesodermal lateral oviduct (Pl. 18, 6). Simultaneously, a pair 
of prominent ectodermal swellings is formed towards the posterior border of each of 
the eighth and ninth sterna by the active division of the ectodermal cells (Pl. 18, c, d). 
The swellings gradually increase in length while, and at the same time, these become 
grooved externally. Each groove extends nearly up to the anterior margin of its 
segment (Pl. 18, e, g). Meanwhile a median invagination also makes its appearance 
towards the posterior border of each of the eighth and ninth sterna. The anterior 
median invagination, viz., the one on the eighth sternum, is wider and is the uterine 
rudiment (Pl. 18, f). The posterior invagination, viz., the one on the ninth sternum is 
narrower and comparatively shorter and is the spermathecal rudiment (PI. 18, h, #). 

In the full grown larva, thus, the ovaries have become differentiated into ovarioles, 
the forerunners of the mesodermal lateral oviducts and the uterine and spermathecal 
rudiments have appeared and there is also a pair of ectodermal grooves on each of 
the eighth and ninth segments (Fig. 2). 

Prepupa.—In the early prepupa, the ovaries undergo further growth and differ- 
entiation. The mesodermal lateral oviducts become thicker but still do not develop 
lumina and end blindly in the mid-ventral region of the seventh abdominal segment. 
The uterine rudiment extends anteriorly, becomes much wider, and later gets laterally 
bifurcated. The paired tubes thus formed represent the ectodermal parts of the lateral 
oviducts. The spermathecal rudiment also grows anteriorly so as to reach about the 
middle of the eighth sternum so that its anterior part comes to lie above the uterine 
rudiment. The paired ectodermal grooves of the eighth and ninth sterna become 
considerably reduced in size. 

During the late prepupal stage, the ovaries become further differentiated (PI. 19, a). 
The ovarioles get slightly separated but still remain anteriorly united and enveloped 
in a common epithelial covering. Posteriorly, these open in the mesodermal lateral 
oviducts which have now developed lumina (PI. 19, 6). The part of the sternum lying 
between the uterine and spermathecal invaginations is pushed in, and the external 
openings of both of these rudiments are carried into this depression. In the posterior 
part of the uterine rudiment a short evagination or pouch is formed anteriorly which 
is the rudiment of the bursa copulatrix (Pl. 19, d). Meanwhile the spermathecal rudi- 
ment grows further forward and its middle portion communicates with the middle 
portion of the uterine rudiment, the anterior tip of the spermathecal rudiment 
remaining free (Pl. 19, e, f). This tip later forms the spermatheca. The posterior por- 
tions of the two rudiments also remain separate (PI. 19, f, 9). The depression of the 
sterna lying between the uterine and spermathecal rudiments now increases con- 
siderably, so that although the openings of the two rudiments are distinct, they appear 
to lie in a single large median ventral groove. Now an outgrowth appears from the 
dorsal wall of the spermathecal rudiment which grows posteriorly and soon becomes 
bifurcated to form the rudiments of the reservoirs of the accessory glands (PI. 19, h). 
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the end of the prepupal stage, the differentiation of the ovarioles be- 
See: The paired zuves on the eighth and ninth sterna disappear. ae 
uterine rudiment gives out a pair of lateral oviducts anteriorly and a bursal Doves 
ventrally. The spermathecal rudiment communicates with the uterine rudiment oe 
the posterior part of the dorsal wall of the former gives off a pair of outgrowths whic 
eventually form the accessory glands with their ducts and reservoirs (Fig. 4). 
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Figs 2-4.—Diagrammatic representation of the development of efferent system in the different 
stages. Fig. 2: Condition at the end of the larval period. Fig. 3: Condition in the 


prepupa. Fig. 4: Condition in the late prepupa, showing the formation of the rudiments 
of the bursa, spermatheca and the accessory glands. 


Pupa.—In the pupal period, several changes occur which finally bring about the 
condition observed in the imago. 

The differentiation of the ovarioles is complete and all the ovarioles of each side 
open into the mesodermal lateral oviduct of that side. The ectodermal lateral oviducts 
grow further forward and join the corresponding mesodermal lateral oviduct in the 
seventh segment. 

The connection between the spermathecal rudiment and the uterine rudiment 


becomes much more intimate, so that the spermatheca now appears to arise as a dorsal 
diverticulum of the latter. 
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_ The posterior border of the opening of the uterine rudiment grows anteriorly and 
slightly upwards and thus reaches near to the opening of the bursal pouch into 
the uterine rudiment. As a result of this, the connection between the uterine rudi- 
ment and the bursa is reduced to a narrow duct and the original opening of the uterine 
rudiment becomes primarily the opening of the bursa. The uterine rudiment itself, 
on the other hand, becomes continuous with the spermathecal rudiment, so that the 
original opening of the spermathecal rudiment on the ninth sternum now leads into 
the long median oviduct formed partly from the uterine rudiment and partly from 
the spermathecal rudiment. 

The accessory glands become long, tubular and coiled. They open into large 
vesicles which in turn communicate with the dorsal wall of the common oviduct 
through a common duct. 

During the late pupal stages, the final modelling of the reproductive system takes 
place. The ovaries become completely differentiated and increase in length. The 
lateral oviducts become fairly wide and the common oviduct develops a muscular 
coat. The spermatheca becomes tubular and develops a chitinous lining. The bursa 
becomes saccular, chitinous and muscular. The ductus seminalis becomes completely 
differentiated and is enveloped in a thick muscular coat. The long tubular accessory 
glands lying coiled in the posterior part of the abdomen communicate into a pair of 
reservoirs which open into the common oviduct through a muscular common duct. 


DISCUSSION 


There are two main views regarding the origin of the paired oviducts in insects. In the 
Lepidoptera, Jackson (1889), Verson & Bisson (1896), Dodson (1937) and Ammann 
(1954) regard these as mesodermal in origin. The same view has been expressed by 
Nel (1929), Qadri (1940), George (1929), etc., about other orders. But Singh Pruthi 
(1924), Metcalfe (1932, 1932 a), Dodson (1937), etc., regard these as ectodermal. In 
L. orbonalis, the paired oviducts have been shown to have a mixed origin, being 
mesodermal in the anterior and ectodermal in the posterior region. 

Whether the ectodermal parts of the paired ducts are to be regarded as paired or 
unpaired in origin depends on the views regarding the origin of the common oviduct 
itself. Nusbaum (1882) in Blattidae and Pediculidae, Verson & Bisson (1896) in 
Lepidoptera and later Singh Pruthi (1924 and 1924 b) in Coleoptera and Homoptera 
contributed to the view that this is an originally paired tube, while Jackson (1889), 
Nel (1929) and Metcalfe (1932 a), etc., have regarded it as unpaired throughout. 
Ammann (1954) described three pairs of ectodermal germinal discs or pads, one each 
on the seventh, eighth and ninth abdominal sterna. The discs on the seventh sternum 
grow medially and the unpaired uterine rudiment begins to arise at the posterior 
border of this segment, while the discs on the eighth and ninth sterna grow towards 
each other and lead to the formation of a groove from the dorsal wall of which the 
bursa, spermatheca and accessory glands arise. While such thickenings have also 
been noted on the eighth and ninth sterna in L. orbonalis, no connection whatsoever 
has been observed between these and the genital invaginations and thus the entire 
common oviduct has a definitely unpaired origin in this moth. It may be mentioned 
that Nusbaum’s observations in Blattidae have been challenged by Gupta and Singh 
Pruthi’s own observations hardly provide any reasonable ground for the view he 
holds. 

The origin of the common oviduct from two primary rudiments, i.e., the sper- 
mathecal and uterine rudiments in the Lepidoptera is unique and is the cause of 
much confusion. Jackson (1889), whose work is responsible for considerable mis- 
interpretations by subsequent workers, regarded the anterior and median parts of the 
azygos oviduct in Vanessa as derived from the ‘spermathecal ’ invagination on the 
eighth segment and the posterior part as derived from the ‘ uterine’ rudiment on 
the ninth segment. Besides, he ascribed a paired origin to the spermatheca, bursa 
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and accessory glands, the former two from a pair of vesicles on the eighth segment. 
Further, he described the two median rudiments as connected with each other from 
the very beginning. His nomenclature of the spermathecal and uterine rudiments has 
been proved to be erroneous and in the reverse order, but as far as the continuation 
of the two median rudiments is concerned, Dodson (1937) also reached the same con- 
clusion. Ammann (1954) and Brunold (1957), who have together made a complete 
study of the development of female reproductive organs in Solenobia triquetrella, also 
consider that a continuous groove representing the opening of the uterus is formed by 
the growth of the posterior pairs of ectodermal plates and the bursa, spermatheca and 
accessory gland rudiments arise from its dorsal wall. This opening is divided into the 
ostium bursae and the posterior oviducal opening only later in the prepupa. In the 
present study, it has been shown that the uterine and spermathecal rudiments remain 
separate and distinct for a considerable time. The invagination on the eighth sternum 
gives rise to the anterior part of the common oviduct and the posterior part of the 
paired oviducts. Later this rudiment communicates with the spermathecal rudiment 
on the ninth sternum. This course of development greatly resembles that described 
in the Coleoptera (Singh Pruthi, 1924 b; Srivastava, 1956) and it is not unlikely 
that the statements of Jackson and Dodson that the two rudiments are continuous 
from the very beginning are due to the fact that they missed the earlier stages when 
the two rudiments are separate. Ammann’s and Brunold’s accounts are, however, 
very detailed and suggest that Solenobia differs from Bombyx, Zygaena and Leucinodes 
in this respect. 

Jackson’s description of the development of the bursa and the spermatheca from 
paired vesicles on the eighth segment is again erroneous and misleading. He considered 
that the rudiments fuse with each other to form a median vesicle from which the bursa 
differentiates anteriorly and the spermatheca posteriorly. No other worker has 
claimed that the spermatheca or bursa has a distinctly paired origin. Dodson (1935, 
1937) derived the bursa and spermatheca from an unpaired outgrowth in the dorsal 
wall of the oviduct in the region of the seventh segment in the Trichoptera and eighth 
segment in the Lepidoptera. But she agrees with Jackson in deriving both the struc- 
tures from a common outgrowth. Even Ammann (1954) and Brunold (1957), who 
describe paired discs and believe these to be connected with the formation of the 
groove, clearly describe unpaired pouches from which these structures arise. In the 
present work, the spermatheca has been shown to arise from an invagination on the 
ninth segment and the bursa from the uterine rudiment on the eighth segment. The 
two communicate with each other much later. Besides, it must be noted that the 
bursa develops ventrally and not dorsally. Dodson’s erroneous description of the 
development of the structures is apparently due again to the fact that she missed 
some important earlier stages. The structure which she describes as the invagination 
of the common oviduct is most probably the anterior tip of the spermathecal rudiment. 
If this be so, it is clear that the course of development in Lepidoptera also resembles 
broadly that in other orders. 

One might ask what led Jackson to attribute a paired origin to these structures? 
It may be recalled that in the course of development in L. orbonalis, a pair of vesicles 
resembling those which were described in Vanessa develops on each of the eighth 
and ninth sterna. But while in L. orbonalis their temporary nature has been clearly 
established, in Vanessa, Jackson related them to the development of the spermatheca 
and bursa. The question arises then as to what do these temporary vesicles represent? - 
In orders like Coleoptera and Orthoptera, such rudiments give rise to the ovipositor 
lobes. In the Lepidoptera, an ovipositor is absent in the adult but its rudiments do 
make their appearance, as seen in L. orbonalis. 

__ It has been stated by George (1929) and Nel (1929) that the spermathecae in the 
different orders of insects may arise from any of the seventh, eighth and ninth seg- 
ments and therefore are not homologous structures. From the bulk of the data avail- 
able, however, it appears that it arises from the eighth segment in most orders, like 
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Dermaptera, Orthoptera, Odonata, Homoptera, Diptera and Hymenoptera and from 
the ninth segment only in Coleoptera and Lepidoptera. Obviously the primitive 
position of the spermatheca in insects appears to be on the eighth segment and that 
it has secondarily shifted to the ninth segment in the latter orders. 

_ Jackson describes the origin of the accessory glands from paired vesicles on the 
ninth sternum and the common duct of the reservoir from the extreme posterior end 
of the oviduct. Verson & Bisson confirmed these observations but Dodson derived 
both the glands and the duct from the dorsal wall of the common oviduct. Ammann 
and Brunold have also derived the accessory glands from an unpaired pouch appear- 
ing in the posterior wall of the * atrium ’ which represents the spermathecal rudiment. 
In fact, the origin of these glands from the spermathecal rudiment in L. orbonalis is 
similar to that which occurs in the Coleoptera. 


Homouocy oF THE MALE AND FEMALE REPRODUCTIVE ORGANS 


The homology of the male and female reproductive organs has not been discussed in 
the Lepidoptera so far. 

In the adult female moth, ovipositors are completely suppressed. The question 
of homologizing the external genitalia in the two sexes, therefore, does not arise. 

Previous workers have regarded the vasa deferentia and lateral oviducts as meso- 
dermal and hence homologous with each other. But in L. orbonalis, it has been shown 
that the posterior parts of the vasa deferentia, as well as the lateral oviducts, is ecto- 
dermal. But while the posterior ectodermal parts of the vasa deferentia are derived 
from the paired ejaculatory duct, the origin of which can ultimately be traced from 
the ninth sternum, the posterior ectodermal parts of the lateral oviducts arise from 
the originally unpaired rudiment of the uterus which owes its origin to the eighth 
sternum. Hence it is clear that only the anterior mesodermal parts of the vasa 
deferentia and the lateral oviducts are homologous and not their posterior ectodermal 
parts. Metcalfe (1932 a) arrived at the same conclusion in the Coleoptera. 

Singh Pruthi (1924 a) contended that since the original position of the opening of 
the paired ejaculatory duct is on the eighth sternum and the lateral oviducts also 
arise as lateral outgrowths of the originally paired uterine rudiment originating from 
the eighth sternum, the two are homologous. Nusbaum (1882) and Verson & Bisson 
(1896) are the only other workers who regard the uterine rudiment as paired in origin. 
In the Coleoptera, Metcalfe (1932 a), Rakshpal (1946) and Srivastava (1953) have 
shown that the ectodermal ejaculatory duct arises from an unpaired rudiment on 
the ninth and the median oviduct from the eighth sternum and hence they do not 
consider these structures to be homologous. In L. orbonalis also the same course of 
development has been noted and the conclusions of the above workers are applicable 
in the Lepidoptera also. 

Most of the earlier workers agree that the unpaired ejaculatory duct is homologous 
with the spermathecal rudiment since both arise as unpaired invaginations from the 
ninth sternum. However, Verson & Bisson (1896) regard the spermathecal rudiment 
as paired in origin and Jackson (1889) and Dodson (1937) consider it to arise as an 
unpaired invagination on the eighth sternum. This would mean that these two struc- 
tures are not homologous. But in L. orbonalis both the unpaired ejaculatory duct 
and the spermathecal rudiment have been shown clearly to arise as unpaired invagi- 
nations from the ninth sternum. Hence these are strictly homologous structures. 

No generalization can be made regarding the accessory glands in the two sexes. 
In L. orbonalis the male accessory glands arise from the paired ejaculatory ducts while 
the female accessory glands arise from the spermathecal rudiment. Evidently, 
therefore, the accessory glands in the two sexes are not homologous. _ 

The male gonopore in L. orbonalis is situated on the ninth sternum while the female 
has two openings, the ostium bursae on the eighth sternum and the oviducal opening 
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ial 


on the ninth sternum. Hence the male gonopore may be considered to correspond 
with the oviducal opening of the female while the ostium bursae does not have a 


counterpart in the male. 
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DESCRIPTION OF PLATES 
Pirate 18 


Microphotographs of transverse sections through the different regions of the early and late fourth 
instar female larvae. a, Part of the T.S. of the early fourth instar larva through the right: 
ovary. 6, Same, passing through the solid mesodermal lateral oviduct. c, Same passing 
through the anterior pair of ectodermal swellings in the eighth segment. d, Same, passing 
through the posterior pair of ectodermal swellings in the ninth segment. e, Part of the 
T.S. of the late fourth instar larva in the eighth segment, showing the anterior paired 
ectodermal swellings forming grooves. f, Same, through the uterine rudiment formed 
from the invagination on the eighth segment. g, Same, in the ninth segment showing 
the posterior paired ectodermal swellings forming grooves. h, and 7, Same, showing 
formation of the spermathecal rudiment. 

aes, anterior ectodermal swelling; g, gut; hy, hypoderm; hi, hypodermal invagina- 
tion ; mlod, mesodermal lateral oviduct ; ov, ovary ; peg, posterior ectodermal groove ; 
pes, posterior ectodermal swelling ; sr, spermathecal rudiment ; ur, uterine rudiment. 


Puate 19 


Microphotographs of transverse sections through the different regions of the late prepupa. a, Part: 
of the T.S. through the right ovary ; b, Same, through the mesodermal oviduct which 
has developed a lumen. c, Same, through the ectodermal lateral oviducts. d, Same, 
posteriorly showing the two paired ectodermal ducts coming close to each other, and the 
bursal rudiment ventrally. e, Same, further posteriorly, showing the opening of the 
common oviduct (uterine rudiment) and the spermathecal rudiment above it and separate: 
from it. f, Same, further more posteriorly, showing the uterine and spermathecal rudi- 
ments in communication with each other. g, Same, the two rudiments separate again. 
h, Same, in the ninth segment, showing the opening of the spermathecal rudiment and the 
paired vesicles of the accessory glands arising from these. 7, Same, further behind, showing 
the vesicles of the accessory glands and the glands arising from these. 

ag, accessory gland ; agr, vesicle (reservoir) of the accessory gland ; br, bursal rudiment ;. 
elod, ectodermal lateral oviduct ; g, gut ; hy, hypoderm ; mlod, mesodermal lateral oviduct 2 
ovl, ovariole ; sr, spermathecal rudiment ; sro, opening of the spermathecal rudiment ; 
ur, uterine rudiment ; wro, opening of the uterine rudiment. 
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Transverse sections of early and late 4th instar larvae of L. orbonalis 
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Transverse sections of the late female prepupa of L. orbonalis 
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THE CEYX ERITHACUS AND RUFIDORSUS 
SPECIES PROBLEM 


By R. W. Sims 
(Communicated by J. D. MacDonatp, F.L.S.) 
(With 2 text-figures) 

[Read 29 January 1959] 


INTRODUCTION 


Most specimens of the Forest or Three-toed Kingfisher from Borneo exhibit characters 
of both Ceyx erithacus (Linnaeus) and C. rufidorsus Strickland. In the past naming 
these specimens often resulted in confusion. Sharpe (1869) gave specific status to 
taxa described on intermediate specimens although subsequently (1892) he came to 
regard a few as plumage phases (yet introduced another name on similar material). 
Light was not shed on this problem until Chasen & Kloss (1929) reviewed these birds ; 
they concluded that there were only two species and that most of the taxa had been 
described on specimens that could be regarded as plumage phases. Then in 1942 
Ripley pointed out that the intermediate birds were the result of interbreeding 
between erithacus and rufidorsus. He did not propose any taxonomic changes although 
he expressed doubts about the status of the two species. In a recent work on the 
distributional and evolutionary history of these birds Voous (1951 a and b) agreed 
with Ripley’s conclusion that, ‘ in Borneo erithacus and rufidorsus do not quite satisfy 
any of the concepts of taxonomy or speciation ’, so he decided also to keep the two 
as separate species. This present investigation began when specimens collected in 
North Borneo during 1956 by the British Museum (Natural History) Expedition! 
were identified. It became apparent that a further study should be made as the 
birds appeared to be closer biologically than the taxonomic conclusions of the more 
recent workers implied. A quantitative study was planned to determine the degree 
and frequency of expression of the individual characters owing to the fairly high 
incidence of intermediates? in Borneo. The methods adopted were an extension of 
those used by Ripley when he reviewed these birds, being similar to those conven- 
tionalized by Sibley (1950). Data obtained by these methods provided a means of 
evaluation of the biological and hence the taxonomic status of the taxa from which 
it was concluded that erithacus and rufidorsus are conspecific. 


MATERIALS AND ACKNOWLEDGMENTS 


A total of 351 specimens were examined from the following areas :—Bali 2, Bawean 4, 
Billiton 5, Borneo 104, Flores 6, Java 29, Kangean 1, Lombok 3, Malayan Peninsula 
127, Mindoro 1, North Natuna 1, Palawan 6, Tawi Tawi 1, Siberut 1, Simalur 8, 
Sipora 2, Sumatra 46 and Sumbawa 4. The material comprised 183 specimens from 
the collections of the British Museum (Natural History), 96 from the Rijksmuseum 
van Natuurlikje Historie and 82 from the Raffles Museum. My grateful thanks are 
due to Dr G. C. A. Junge and Dr ©. A. Gibson-Hill for their kindness in sending me 
material on loan from Leiden and Singapore respectively. I would like to express 
my gratitude to Dr F, H. Fitch, Deputy Director of the Geological Survey Depart- 


* Sponsored by the Bird Exploration Fund under the patronage of Mr Loke Wan Tho who 
initiated the expedition, the Trustees of the Percy Sladen Memorial Fund and the Trustees of the 
Godman Fund. 

_ 2 The term ‘ intermediate ’ throughout this paper denotes an intergrading individual whose 
visible characters combine those expressed in typical erithacus and rufidorsus. It is used in prefer- 
ence to the word ‘ hybrid’ as the definition of this term is controversial. 
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ment, British Territories in Borneo, for his patience in answering my enquiries. 
Finally, I wish to thank Mr R. E. Moreau and my colleagues Dr H. W. Parker and 
Mr J. D. Macdonald for their criticisms and suggestions for which I am most grateful. 


DISTRIBUTION 


The range of Ceyx erithacus is extensive ; it spreads throughout the greater part of 
Ceylon, India, Burma, South-East Asia, Sumatra, Borneo and several Sunda-shelf 
islands to Mindoro in the Philippines. The range of Ceyx rufidorsus is less widespread ; 
it is found throughout the Malaysian subregion to Mindoro and Tawi Tawi in the 
Philippines and Lombok, Sumbawa and Flores in the Indo-Australasian archipelago. 
The two taxa seem, therefore, to be sympatric in the Malayan peninsula, Sumatra, 
Borneo and Mindoro. 


METHODS 
Typical erithacus is characterized by :— 


(i) Blue-black spot on the forehead. 

(ii) Ultramarine patch on each side of the neck. 
(iii) Black mantle and scapulars washed with ultramarine. 
(iv) Black wing-coverts tipped with ultramarine. 


Note :—Bornean birds are separable on the absence of black on the mantle. 

Typical rufidorsus lacks these four characters, the colour of the upperparts being 
uniformly rufous washed with lilac. 

In Bornean material particularly, none of these characters appears to be constant 
in its degree of expression (or in its occurrence in relation to the others). To express. 
these differences quantitatively a scoring system was adopted (Ripley, 1942 ; Sibley, 
1950). Each of the four characters was assessed separately and scores were awarded 
in multiples of 5 (i.e. 0, 5, 10, 15, 20 or 25). The condition of each character as 
expressed in the dark bird, typical erithacus, scored 25; while its absence as in the 
rufous bird, typical rufidorsus, scored 0. Characters incompletely expressed received 
intermediate scores. The sum of the four character assessments, possible maximum 
100, is referred to as the Total Character Index. The degree of intergradation is thus 
greater when intermediate scores are registered. 

Groups of 40-50 birds were examined during each period of assessment, with 
check re-assessments to reduce the error which is inevitable when subjective assess- 
ments of this nature are made. The material came from those areas where there appears 
to be sympatry and from others from where there appears to be allopatry. 

The results of the assessments are presented in the form of histograms in Fig. 1. 
These are arranged geographically and show the number of specimens having the 
same assessment for each character, also the mean of the four assessments. Finally 
these are combined to give totals of all the material examined. The number above 
each histogram is the percentage of specimens with intermediate assessments, i.e. 
assessments between 5 and 20 inclusive. In Fig. 2 the data are presented in another 
form. There the histograms, also in geographical sequence, show the number of 
specimens with the same total character index. The number above each histogram is. 
again the percentage of specimens with intermediate assessments, 1.¢. total character 
indices between 5 and 95 inclusive. Those in parenthesis are the percentage with 
total character indices between 10 and 90 inclusive. They are given so that greater 
allowance can be made for the error introduced by the subjective method of assess- 
ment and for some individual variation not connected with the present study. Indi- 
vidual variation, however, is probably negligible as material from Bali, Lombok, 
Sumbawa and Flores (listed under ‘ Islands ’) consistently scored 0; while additional 
material from Ceylon, India and Burma (not listed) consistently scored 100. 
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Fie. 1.—Histograms showing the number of specimens from different areas with the same 
Individual Character Assessment for the four characters investigated ; also the mean of 
the assessments. These data are combined to produce the histograms under ‘ Total’. 
The ordinates indicate the number of individuals examined. The abscissae (0-25) indicate 
the individual character assessments. The number above each histogram is the percentage 
of specimens with intermediate assessments, ie. between 5 and 20 inclusive. 
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Fic. 2.—Histograms showing the numbers of specimens from different areas with the same Total 
Character Index (i.e. the sum of the four Individual Character Assessments) also the sum 
of these data of all the specimens examined is expressed in the histogram labelled 
‘Total’. The ordinates indicate the number of individuals examined. The abscissae 
(0-100) indicate the Total Character Indices. The number above each histogram, is the 
percentage of specimens with intermediate assessments, le. between 5 and 95 inclusive ; 
the number in parenthesis is the percentage with Total Character Indices between 


10 and 90 inclusive. 


RESULTS 


The data do not lend themselves to statistical study. There was, however, a tendency 
for individuals to receive comparable scores for each character but as the degree of 
expression is probably governed by the genetic dosage this would be expected as 
breeding between a typical dark and a typical rufous bird would mainly introduce (or 
dilute) a comparable dosage for each character. The forehead spot was the most 
variable in its degree of expression and could not be related to the total character 
index of the individual. The ear patch, on the other hand, tended to have an all or 
none effect and in most cases could be correlated with the total character index. 
It can be seen from Fig. 2 that the percentage of intermediates is greater in 
Borneo and Sumatra than elsewhere. An analysis of the localities from where these 
Bornean specimens were collected reveals that more lower scoring individuals occur 
in southern Borneo and Labuan while more higher scoring individuals are found in 
North Borneo; these conclusions are in agreement with the results obtained by 
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Voous (1951 b : 180). The percentage of intermediates, however, remains approxi- 
mately constant throughout the areas in Borneo from which material was examined. 
The significance of this distribution is discussed later in the light of palaeogeogra- 
phical considerations. ; | 

Java contains fewer intermediates than either of the neighbouring major land 
masses. It is usually regarded as outside of the range of the dark bird yet,never- 
theless, a few individuals were intermediate, whereas no specimens from the smaller 
islands of the Indo-Australasian archipelago scored more than 0. 

In Sumatra there are many intermediates, also a few high-scoring birds. The 
latter, like those reported by Ripley and Voous, are mainly from the north-east coast 
of Sumatra, across the Straits of Malacca from northern Malaya. Ripley was of the 
opinion that high-scoring individuals were stragglers in view of the number of dark 
birds reported from lighthouses in the Straits of Malacca by Robinson & Kloss 
(1922). (Many of these specimens collected at the One-fathom Bank Lighthouse 
were examined ; the majority scored 100, none less than 90.) In view of the spread 
of the dark bird characters among Sumatran populations it is probably that not all 
of the high-scoring birds are stragglers although they are probably descended from 
comparatively recent arrivals who were. 

There is a smaller percentage of intermediates in the Malayan Peninsula, due 
mainly to the high percentage of the dark birds (see also below). The rufous bird is 
regarded as rare in the Malayan Peninsula (Robinson, 1928 : 43), so it is possible 
that it has reached there in much the same way, as there is some flow of dark-bird 
genes from there to Sumatra. If stragglers arrive in Sumatra from Malaya then 
occasionally rufous birds could equally well fly, or be driven, from Sumatra to Malaya; 
there is no reason to suppose that there is a one-way traffic. 

The histograms prepared from data of specimens from the islands give only a 
general impression and not an accurate picture of the nature of the population on 
each island. Mention has already been made of the consistently low score of specimens 
from some small islands along the Indo-Australasian archipelago and this low scoring 
is also found to a large extent among specimens from Kangean, Bawean, Palawan 
and Tawi Tawi. But individuals from Simalur had total character indices between 
50 and 60, Billiton between 10 and 30, Sipora 20 and 35 and the single specimen 
examined from Siberut scored 25. The higher scores of the specimens from islands 
nearer Sumatra indicate that there has been some gene flow between these islands and 
Sumatra ; otherwise zero-scoring birds would be expected. That there has been a 
flow of dark genes into these islands from Sumatra supports the view that not all high- 
scoring birds in that island are stragglers. Apart from the dark bird populations in 
the north-eastern coastal regions of Sumatra, generally, only the rufous bird is found 
throughout the remainder of that island, Java and associated islands. The poly- 
morphism detected within these populations indicates that some interbreeding has, 
however, taken place between the two forms ; possibly as the result of geographical 
changes, see below, or from groups arriving from time to time (collecting at the 
lighthouses in the Straits of Malacca indicates that this is probable). These new 
arrivals interbreed and their characters tend to disappear by swamping ; yet some 
of the genes still gain expression even if they can be detected only after a close 
examination of skin specimens. 

From percentages given in Figs 1 and 2, it shows that the number of intermediates 
is high. In Borneo about 80 per cent of the sample were intermediate and about 50 
per cent of the sample had each character incompletely expressed. Birds were 
examined from throughout most of the range of the rufous bird and the ‘ Total ’ 
thus shows that from the sample from this wide area about half show some degree 
of intergradation and one-third intermediacy for any one character. 

It seems that wherever the dark and rufous birds come into contact they freely 
interbreed, as the high percentage of intermediates indicates. There does not, there- 
fore, appear to be any physiological barriers between these two taxa. 
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PALAEOGEOGRAPHY AND EvoLutTion 


The rufous bird is found throughout the islands of Malaysia together with a small 
number in the Malayan Peninsula; on the other hand, apart from Borneo the distri- 
bution of the dark bird is mainly continental, with stragglers and descendents in 
Sumatra and one or two small islands (Voous, 1951 b : 1822). It is possible to cor- 
relate the present distribution of the taxa with the geological history of the area and 
at the same time to resolve the problem of Borneo, where there are both dark and 
rufous birds. The dark bird extends across a vast area that has experienced more 
stable conditions than the Malaysian region. In the changing conditions in the south 
different selective pressures were probably experienced by the southern populations, 
so that the rufous bird can be regarded as of more recent origin. It is also probable 
that the present dark bird is not far removed from birds of the ancestral stock that 
first colonized the Sundaic area of Asia. 

The colonization probably preceded the period of geological activity when the 
Sundaic area became isolated from continental Asia and Tertiary deposits were laid 
down in the Malayan area (van Bemmelen, 1949 : 363). A long period of isolation 
followed during which, presumably, morphological differentiation occurred in the 
southern populations, resulting in the evolution of the rufous bird (Voous, 1951 a 
and b). Before this process of differentiation had started, or gone very far, there 
was further geological activity in what is now north-eastern Borneo and part of the 
Sulu Shelf causing secondary isolation in that area. The period of separation that 
followed lasted until the early Pleistocene when there was a fall in sea-level of 450 ft 
(Fitch, 1953 : 22). When this secondary isolation occurred the area was probably 
already populated by the kingfishers. If it took place after the process of differentiation 
had started in the Sundaic populations, that is, when the black of the back had been 
lost (which is characteristic of Bornean dark birds) then little further evolution took 
place in the north-easterly population. It is possible, though, that the isolation took 
place soon after the species had become established in the area and the evolution of 
the birds of this small secondarily isolated population proceeded independently of 
that of the Sundaic populations. Parallel evolution followed, but at a different rate, 
and only the backs of the north-easterly birds lost the black pigment ; whereas the 
birds of the Sunda Land proper lost all their black and became uniformly rufous 
above. With the emergence of the huge Sunda Land during the Pleistocene, rufous 
birds spread throughout the whole area, some reaching the Philippines. Rufous genes 
spread into the north-eastern Bornean populations but the gene flow was reciprocal 
and those of the dark bird began gaining expression among the rufous birds of Sundaic 
Borneo. At the same time the Malayan region was invaded by dark birds from the 
north ; although rufous birds from the Sumatran area may also have re-invaded 
that area. 

This explanation of the course of events removes several difficulties. Voous 
(1951 a and b) suspected that there had been secondary isolation ; otherwise it had 
been assumed that during the Pleistocene there had been a separate invasion of Borneo 
by the dark birds. It was difficult, however, to account for their absence in Sumatra, 
Java and, nearer Borneo, Labuan. Now it is evident why they do not occur there. 
Although Labuan is now isolated from the Bornean mainland this happened com- 
paratively recently (Fitch, 1953 : 14) for it formed once a part of the main Sunda 
Land. Support for believing that a population was isolated at one time in north- 
eastern Borneo is provided by the present-day geographical variation within these 
taxa in Borneo. All the specimens of Three-toed Kingfisher reported from North 


3 A series of earth movements in the Darvel Bay area of North Borneo caused the folding of 
lower Tertiary beds and subsidence (van Bemmelen, 1949: 19) resulting in the deposition of a 
neogene tract separating that area from the palaeogene of the present-day western mountains 
forming the Crocker Range (Roe, 1955). The presence of Pleistocene deposits on Sebbatik 
Island in Cowie Harbour (i.e. St Lucia Bay), north-eastern Borneo indicates that parts of this 
area were submerged until comparatively recently (Fitch, 1956 : 584). 
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Borneo (Voous, 1951 b:180) or examined from there during the course of this 
investigation, had high total character indices ; whereas there are lower-scoring birds 
in Labuan and southern Borneo (Sarawak and Kalimantan, i.e. Indonesian Borneo). 


Discussion 


The assessment of the relationship between these birds rests largely on whether 
they form allopatric or sympatric populations (Mayr, 1951). Currently (Peters, 1945), 
the rufous bird is regarded as being largely sympatric with the dark bird for part of 
its range, namely, in Sumatra, Borneo, Malaya and Mindoro ; but this generalization 
will not stand close examination. Indeed it has long been recognized that apart from 
a small area in northern Sumatra that island is outside of the range of the dark bird. 
While an analysis of the Bornean populations has shown that there is considerable 
geographical variation, rufous birds being more common in the south, including 
Labuan, and dark birds in the north. It is, therefore, only in the Malayan Peninsula 
that the two birds appear to be truly sympatric but, as suggested, the rufous genes 
may maintain expression by the arrival of stragglers or small groups hopping from 
Sumatra. Moreover, the rufous bird is regarded as rare in that area so it is probable 
that it is not strictly indigenous. The position on Mindoro is not clear ; low-scoring 
birds predominate in a polymorphous population, there being only a few darkish 
birds. The reasons for their presence may be comparable to those for accounting 
for dark birds in Sumatra but generally Mindoro may be regarded as ‘rufous’. A 
detailed examination reveals, therefore, that these birds do replace each other 
geographically and so they should be regarded as allopatric. 

The intergradation occurring within some populations appears to have been due 
to interbreeding that followed the breakdown of barriers between allopatric groups. 
From geological evidence it is certain that these barriers were geographical so it was 
their removal that produced the secondary intergradation existent to-day. Mayr 
(1951 : 102) stated that ‘ secondary intergradation indicates incomplete reproductive 
isolation’; and in the case of the kingfishers, where the isolation appears to have 
been mainly spatial, i.e. geographical barriers acting as reproductive barriers, there 
is random interbreeding wherever the barriers have been removed. At the same time 
Mayr listed several examples of secondary intergradation and concluded that an 
acceptance of a species definition based on reproductive isolation requires that freely 
interbreeding forms should be regarded as subspecies. The case of these kingfishers 
is comparable with that described in the New Guinea honey-eaters, Melidectes 
leucostephes-belfordi group, by Mayr & Gilliard (1952), where there are also all grada- 
tions between two morphologically distinct birds. These honey-eaters form allopatric 
populations with random interbreeding wherever they come into contact. Mayr & 
Gilliard concluded that in spite of the morphological differences the lack of reproductive 
isolation indicated that they should not be treated as separate species. A similar 
example is provided by the species complex described from Texan titmice by Dixon 
(1955). The Tufted Titmouse Parus bicolor and the Black-crested Titmouse P. atri- 
cristatus are allopatric but interbreed freely with the production of intergrading 
individuals. From a study of their ecology and behaviour Dixon concluded that 
although there are morphological differences the two birds are conspecific and that 
they should be united under P. bicolor, The kingfisher species problem, therefore, 
parallels that in the honey-eaters and the titmice for in all three there is random 
interbreeding between morphologically distinct, allopatric populations. The fre- 
quency with which this occurs indicates that, biologically, each comprises only one 
unit. Thus, if a species definition is to have a biological basis then each biological 
breeding unit among bisexual animals should be treated as one species even if it is 
composed. of morphologically distinct forms. It follows, therefore, that these king- 
fishers, like other interbreeding allopatric forms currently regarded as subspecies 
(Mayr, 1951), should be regarded as conspecific, Incidentally, in so doing they 
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provide yet another example that reproductive isolation and morphological divergence 
are not necessarily correlated. 

It is interesting to note that the loss of pigment is characteristic of the southerly 
populations. North Borneo and Peninsular Siam are about the same latitude (as is 
northern Sumatra) so while the retention or loss of pigment may be correlated with 
selection for heat absorption, or reflection, according to latitude, it may be no more 
than fortuitous ; but further discussion without evidence would be purely speculative. 
Nevertheless, such marked colour changes are unlikely to be selectively neutral. 

From this study of the Three-toed Kingfishers it appears that these birds have 
been evolving more actively than most. Currently some populations are undergoing 
change, especially in Borneo. The evolutionary history has been one of continuous 
change and more is likely until a greater intra-specific equilibrium has been attained 
than appears to be existent at the present time. The changes that are still apparently 
taking place in the species may be aptly summarized by Dcobzhansky’s succinct 
comment (1937 : 312) that a ‘Species is a process, not a static unit.’. 


TAXONOMY 


The need for a revision of the taxonomy of these kingfishers initiated this investi- 
gation but taxonomically the species becomes only slightly less complex after reaching 
an understanding of the group, e.g. some populations are probably homozygous while 
others are undoubtedly heterozygous. Having established, however, that biologically 
there is only one species, it follows that taxonomically only one species should be 
recognized. The following six races are proposed :— 


(Synonymies are not given unless they differ from Peters (1945 : 184)) 


Ceyx erithacus erithacus (Linnaeus), 1758 


Ceylon, lowland India, Bengal, Nepal, Assam, Burma, Thailand, Indo- 
China, southern China, Hainan and islands, Andaman and small islands off 
the coast of the Malayan Peninsula. Malayan Peninsula and Sumatra (mainly 
northern coastal region) intergrading with rufidorsus. 


Ceyx erithacus macrocarus Oberholser, 1917 
Nicobar islands. 


Ceyx erithacus motleyi Chasen & Kloss, 1929 (syn., Ceyx ertthacus vargast Manuel, 1939) 


North Borneo (Nor Labuan), Mindoro‘ intergrading with rufidorsus. 
Banguey Island. 


Ceyx erithacus captus Ripley, 1941 
Nias Island. 


Ceyx erithacus rufidorsus Strickland, 1846 
Rhio and Lingga Islands, Banka, Java, Bali, Lombok, Sumbawa, Flores, 
Kangean, Bawean, North Natuna Islands, Anamba Island. Malayan Peninsula, 
Billiton, Siberut, Sipora, Sumatra intergrading with erithacus. Southern 
Borneo, Labuan, Palawan, Mindoro, Balabac, Tawi Tawi, Bongao, Calamianes 
intergrading with motley2. 


Ceyx erithacus junget Ripley, 1942 
Simalur and Batu Islands. 


4 The taxonomic position of the Mindoro population is not clear because most individuals 
show at least some intermediacy, all gradations existing between fairly pure rufidorsus and almost 
pure motleyt. In many cases individuals cannot be named tri-nomiaily owing to intermediacy. 
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SUMMARY 


1. Three hundred and fifty-one specimens of Forest, or, Three-toed Kingfisher from 
Malaysia and nearby islands were examined in a quantitative study of the characters 
distinguishing the dark-backed taxon, Ceyx erithacus, from the rufous-backed taxon, 
C. rufidorsus. 

2. All the characters were shown to be variable and some form of intergradation 
between homologous characters was present in the majority of the sample. 

3. The frequency with which intergradation was found to occur between allo- 
patric populations indicated that the two taxa freely interbreed wherever they come 
into contact. 

4, It is proposed that the taxa should be regarded as forming one polytypic species, 
Ceyx erithacus (Linnaeus). 

5. In a brief review of the palaeogeography of the area it was suggested that the 
rufous bird evolved in the islands of Malaysia while secondary isolation in north- 
eastern Borneo resulted in the evolution of the dark-winged rufous-backed form 
characteristic of northern Borneo. 


6. With a fall in sea level at the height of the ice-age there was a resumption of 
gene flow between previously isolated populations. 


7. Currently some of the effect of the exchange of genes is not readily evident due 
to swamping. 
8. A brief systematic review of the races of Ceyx erithacus is included. 
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THE APPLICATION OF PAPER CHROMATOGRAPHY TO A 
TAXONOMIC STUDY IN THE MOLLUSCAN GENUS LYMNAEA 


By C. A. WRIGHT 
(Communicated by the Zoological Secretary) 


[Read 29 January, 1959] 


THE increasing use which is being made of paper chromatography in taxonomic and 
genetic studies is a tribute to the simplicity and utility of the method. 

It is intended to apply this technique to some of the problems concerning the 
molluscan intermediate hosts of Schistosomiasis in Africa but in order to get a greater 
understanding of the method and the interpretation of the results obtained a pre- 
liminary study has been carried out in the gastropod genus Lymnaea. The main 
reasons for this choice are the relatively ready availability of material, the clear 
patterns given by many Lymnaea species and the fact that the specific identities of at 
least the British members of the genus are quite easily established by conchological 
and anatomical examination. 

There exists already a good deal of literature on the use of chromatography in 
taxonomic work and it is hoped that a review of these papers may prove useful to 
other workers. 


HiIsToRICAL 


In 1944 Consden, Gordon & Martin described a partition chromatography method 
using paper and there is no doubt that the enormous popularity of the technique 
dates from that time. However, as early as 1939 Brown was achieving micro- 
separations by adsorption on blotting paper and even before that time a form of 
chromatography on blotting paper was used in the oil industry to obtain a rough 
idea of the constituents in oil mixtures. Once the usefulness of the technique was 
fully realized paper chromatography found almost universal applications in analytical 
work and numbers of variations of the basic technique were introduced. The 
variations were in direction of flow, solvent mixture and grade of filter-paper. Further 
methods for observing the substances separated were also developed. There are 
now several text-books which cover all of these aspects in great detail and there is 
no need to discuss them further here. Table I summarizes the techniques which 
have been applied in taxonomic studies. 

These studies can be divided roughly into two main sections depending on the 
approach used. Some investigations have been based on specific differences in the 
free amino-acids in the blood of animals. This requires some pre-treatment of the 
tissues used, while the other method depends on the use of untreated tissue and the 
observation of the unknown substances separated, either by their fluorescence under 
ultra-violet light or by their staining reaction with triketo-hydrindene-hydrate 
(ninhydrin). 

The pioneers in the study of specific variation in free amino-acids were Micks & 
Ellis (1951). These authors were investigating the amino-acid content of various 
species of mosquitoes in the hope that they would be able to correlate their results 
with the susceptibility of the insects to infection with malaria parasites. In vitro 
culture had already shown that there is a variation in the amino-acid requirements 
of different species of Plasmodiwm. The same authors (Micks & Ellis, 1952) later 
showed that there are qualitative variations in the free amino-acid content of the 
developmental stages of mosquitoes and that the total level was lowest in the pupal 
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TABLE [ 
Whatman 
7 paper Substances 
Author Technique Solvent No. separated 
Micks & Ellis, 1951 / ; (1) Water saturated phenol 4 Free amino-acids. 
dimensional (2) 2, 4 lutidine/water (3 : 1) 
Hadorn & Mitchell, 1951 Ascending n-propanol/1% ammonia (2 : 1) il Fluorescent and ninhydrin- 
positive. 
Micks & Ellis, 1952 ; yay (1) Water saturated phenol 4 Free amino-acids. 
dimensional (2) 2, 4 lutidine/water (3 : 1) 
Ball & Clark, 1953 a il Amino-acids. 
Buzzati-Traverso & Descending (a) n-propanol/1% ammonia (2 : 1) i Fluorescent and ninhydrin- 
Rechnitzer, 1953 (6) ae ieeecas acetic acid/water positive. 
42125 
Buzzati-Traverso, 1953 a Ascending n-propanol/1% ammonia (2 : 1) ak Fluorescent and ninhydrin- 
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stages. Ball & Clark (1953) found qualitative differences in the amino-acid patterns 
of several species of Culex using extracts of starved adult insects but Micks (1954), 
working on the Culex pipiens complex found that all of the species which he examined 
had the same qualitative pattern but that there were specific quantitative differences. 
An interesting point in this paper is the marked quantitative difference shown between 
hibernating C’. pipiens from Europe compared with recently emerged, unfed specimens 
from America. Micks (1956) found qualitative differences in the free amino-acid 
composition of representatives of different orders of insects but only quantitative 
variations within genera. Micks & Gibson (1957) described the use of a photovolt 
transmission densitometer for measuring maximum density curves of one dimensional 
chromatograms of ninhydrin-positive material and thus give a numerical value to the 
specific quantitative differences observed. 

In the second category of experiments, those based on the separation of unknown 
materials, the work of Hadorn & Mitchell (1951) on Drosophila melanogaster is the 
earliest. These authors studied the ninhydrin-positive and fluorescent patterns 
given by different growth stages and mutants of Drosophila. They found marked 
age and sex differences, also differences between mutants. They identified several 
of the ninhydrin-positive substances and found that some of the fluorescent materials 
were related genetically and chemically to the red-eye-pigment. Buzzati-Traverso 
(1953 a) also working with Drosophila found little correspondence between the 
ninhydrin-positive and fluorescent patterns and based most of his observations on 
the latter. He found, as did Hadorn & Mitchell, that the resultant patterns were 
unaffected by the gut contents of either larvae or adults; his results showed age 
differences in female specimens but not in males. This author also introduced the 
idea of the basic chromatographic pattern which is the maximum number of dis- 
tinguishable spots for a given material and solvent. Variations in this basic pattern 
are in the size and intensity of the spots, their colour or position does not change ; 
the intensity of a spot may be so low that it is no longer distinguishable and therefore 
apparently absent. Buzzati-Traverso was able to observe differences due to single 
genes, also to distinguish recessive heterozygous forms from dominant homozygotes. 
In some reciprocal crosses a strong maternal influence was observed. In other papers 
the same author developed further this approach to the identification of recessive 
gene heterozygotes (Buzzati-Traverso, 1953 b) and, in collaboration with Rechnitzer 
(Buzzati-Traverso & Rechnitzer, 1953) used paper chromatography for the first 
time on untreated squashes of muscle tissue of fishes. Both the fluorescent and 
ninhydrin-positive patterns were used in this work and the authors suggested that, 
although the nature of the substances being separated was unknown, they believed 
that amino-acids did not play an important part. They claimed that geographical 
races of some species of marine fishes could be distinguished by this technique. 
Kirk, Main & Beyer (1954) applied the principal of using fresh squashes of muscle 
tissues to a study of Australian land-snails ; they were the first workers to use a 
horizontal disk technique of chromatography in taxonomic work. They found the 
ultra-violet fluorescent patterns obtained from each of seven species of snail were 
characteristically different and that for two of the species they were unable to find 
significant variations due to age or geographical locality. For one of the species 
they found no variations in specimens raised in the laboratory on different diets. 
Dannevig (1955) used squashes of fresh muscle of several species of marine fishes and 
studied the ninhydrin-positive patterns. She found specific differences between 
various gadoid, clupeoid and flounder species and suggested that it was possible to 
detect a difference between the in-shore and deep-water races of cod. Hybrids 
between two species of flat-fish gave a combination of the parent patterns and 
showed considerable maternal influence. Fox (1956) applied two-dimensional chroma- 
tography to fresh squashes of Drosophila melanogaster (two-dimensional techniques 
had already been used by Ball & Clark (loc. cit.) and Micks and his co-workers in 
their amino-acid investigations) and was able to demonstrate the existence of a 
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“sex peptide’ in males which was absent in females. He was able to ‘map’ 23 
spots, most of which were identified. Fox also showed that the separation of sub- 
stances from squashes of female insects was poor in the first dimension but that the 
application of the second-solvent achieved a separation demonstrating the presence 
of the same substances (with the exception of the ‘sex peptide’) in both sexes. March 
& Lewallen (1956) examined nine different strains of house-fly and found that the 
variation between the ninhydrin-positive patterns obtained was as great as that 
between the patterns of three species of flies belonging to different genera. These 
authors were unable to correlate their findings with insecticide resistance in some 
of the strains. Lewallen (1957) found sex and population differences in the nin- 
hydrin-positive chromatograms of two species of anopheline mosquitoes in California. 
Varty (1956) applied paper chromatography to some of the taxonomic problems of 
the Adelges insects. He found that the patterns obtained from eggs differed from 
those given by larval or adult stages but that adults gave constant specific patterns 
regardless of the food tree. He suggested that the red fluorescent substances he 
observed were tannin compounds and the blues were anthocyanins, This is open 
to some doubt since neither of these groups of compounds is known to occur in animal 
tissues. If they were derived from the food then it is surprising that they show 
constant results when the host plant is varied unless the gut metabolism of certain 
species always produces the same breakdown products. Viswanathan & Krishna 
Pillai (1956) used tissue crushes from Indian fishes and applied both horizontal and 
ascending techniques. Their results from two species of Sardinella were equivocal 
but they claim to have demonstrated clear differences between two species of 
Leiognathus, also two species of Caranx. They maintain that these results are given 
even ‘ when the fish are not quite fresh’. Robertson (1957) working with various 
insects showed that the findings in one group did not necessarily agree with those 
from another. For instance he was able to detect sex differences in the pupae of the 
mosquito Aedes aegypti but not in the adults of the hymenopteran Macrocentrus 
ancylivorus. In third-instar larvae of the hymenopteran Pristiphora erichsonii an 
effect due to diet was observed, but this was not seen in any other species examined. | 
Population differences were not found in a lepidopteran or a dipteran. Although 
differences at the specific level were observed in most of the groups studied these 
differences were small and could not be extended to taxonomic levels above genera. 
In attempting to differentiate between species of the coleopteran genus Laemophloeus 
Robertson applied tests for reducing substances to his chromatograms and suggested 
that the possibility of amino-sugars playing an important part should be considered. 
The most recent work seen in this field is that of Chen and Baltzer (1958) who have 
carried out two-dimensional chromatography of deproteinized extracts of echinoderm 
larvae and who claim to have found specific differences in the ninhydrin-positive 
materials. These differences were not detected in hydrolysates of the protein 
residues from which the extracts were made, They claim that the specific differences 
persist in all larval stages despite alterations in intensity. The species used belong 
to three different families and it is not, therefore, possible to decide whether these 
differences are truly specific or not. The results which the authors illustrate are 
open to question in the light of Berg’s (1950) statement that unfertilized echinoderm 
eggs give different patterns from the developing larvae and Kavanau’s (1953) 
demonstration of differential changes in amino-acid content during cleavage and 
through to the early pluteus stages. 

An analysis of some of the results recorded above can help to resolve several of 
the conflicting statements which have been made and will also help to evaluate the 
techniques used and the results they give. 

Micks (1956) pointed out the necessity for caution in the interpretation of the 
results of amino-acid investigations since Pratt & Auclair (1948) have shown that 
sensitivity to the ninhydrin reaction is not uniform. Thus glutamic acid and glycine 
can be detected in amounts as small as 0-1 »g. while the minimum quantity of histidine 
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monochloride which can be demonstrated with ninhydrin is 25 pg. This factor almost 
certainly accounts for the discrepancy between Micks’ (1954) findings and those of 
Ball & Clark (1953). It also means that investigations of the specific free amino- 
acid content of animals must be carried out under very carefully controlled quanti- 
tative conditions. The physiological condition of the animals under examination 
must also be closely comparable. This is well illustrated by the great difference 
between the patterns obtained by Micks (1954) from hibernating Culex pipiens 
from Italy and those given by recently emerged American specimens of the same 
species. It is likely that in the hibernating state the lowered metabolic rate will 
result in a considerable reduction in the concentration of free amino-acids but this 
reduction will not necessarily be uniform. This supposition is supported by the 
observations of Hadorn & Mitchell (1951) and Micks & Ellis (1952) that total free 
amino-acid concentrations are at their lowest in the pupal stages of insects. The 
findings of Fox (1956) concerning the different separations obtained between the 
same substances in one dimensional chromatograms of males and females of the same 
species throws doubt on the value of applying too accurate methods of measurement 
to the intensity of spots as described by Micks & Gibson (1957). It is more difficult 
to assess the results obtained from the fresh-tissue squash technique. The obser- 
vations of Hadorn & Mitchell (1951) and Buzzati-Traverso (1953 a) are probably the 
most detailed and they agree on most points. Buzzati-Traverso & Rechnitzer 
(1953) and Dannevig (1955) claimed that population differences in marine fishes 
could be detected while Kirk, Main & Beyer (1954) were unable to find such differ- 
ences in widely separated populations of two land snails. A similar discrepancy in 
findings occurs between the report of population differences in Californian mosquitoes 
by Lewallen (1957) while Robertson (1957) was unable to demonstrate geographical 
variations in two species of Canadian insects. Undue importance should not be 
given to the findings of Kirk and his co-workers in this respect since the two species 
of gastropod concerned were Helix aspersa and Theba pisana, neither native to 
Australia and therefore relatively recent introductions in which one would not expect 
to find marked population differences. It is not possible at present to comment 
on the fact that Viswanathan & Krishna Pillai (1956) used tissue squashes from fish 
dead for some time apart from noting that in the present work on snails it has been 
found that the ninhydrin-positive patterns from dead material are different from those 
given by living specimens. The problem of the effect of gut contents is obviously 
important, particularly in work on small animals. Hadorn & Mitchell (1951) and 
Buzzati-Traverso (1953 a) both found that intestinal contents did not influence the 
patterns given by Drosophila but these workers were using a standard culture medium. 
The possible influence of gut contents on the results recorded by Varty (1956) has 
been mentioned, also the observation of Robertson (1957) that in one species a 
food effect was observed. Most workers who have studied mosquitoes have used 
unfed laboratory-reared specimens. With freshwater snails it has been found that 
contamination of a tissue crush by gut contents or part of the digestive gland usually 
gives additional bands on the fluorescent chromatogram. 


MATERIALS AND Mrruops 


All the results recorded in this work have been obtained from living snails. The 
origins of the specimens are listed below. It has not yet proved possible to achieve 
ae with preserved material and the results from dead specimens are un- 
reliable. 

A modification of the method of Kirk, Main & Beyer (1954) has been used 
throughout (Wright, Harris & Claugher, 1957). The original method of Kirk and 
his co-workers did not give consistent results nor did it give a sufficiently good 
separation of the fluorescent bands in those species with a complex pattern. The 
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majority of the technical objections to horizontal chromatography using filter-paper 
disks are overcome by the use of the apparatus described by Kawerau (1956). The 
most valid objection that can be made is that the Rf values in each sector of the same 
disk are not identical. This is due to the rolling of the paper during manufacture, 
the flow of solvent being faster in one direction resulting in a slightly elliptical front ; 
it was pointed out (Wright et al., 1957) that the actual distance moved by the solvent 
front on the disk affects the Rf values of the bands and thus in those sectors of the 
paper in which the front has moved the greatest distance the Rf values of the bands 
will be a little higher than in the others. This may be of significance in analytical 
work but it is of no importance here and this disadvantage is far outweighed by the 
clearness of the separations which can be obtained by using this technique. In 
either ascending or descending methods the spots tend to be diffuse and poorly 
defined even after a long run while very neat, clear-cut bands can be obtained on a 
disk with a run of only a few hours. 

A number of grades of paper have been tested and so far, none better than 
Whatman No. 3 has been found ; the next best is perhaps No. 3 MM but the fluorescent 
bands tend to have more diffuse edges when this grade is used. Only one solvent 
has been employed throughout this work, the butanol/glacial acetic acid/water 
(100 : 22 : 50) mixture used by Kirk et al. (loc. cit.). At room temperatures there is 
no separation of this solvent into phases provided that the water is the last ingredient 
added. The majority of the chromatograms have been run at laboratory tempera- 
tures (15-22° C.) although some work has been done in a constant temperature room 
at 22°C. For critical work there is no doubt that a steady temperature is desirable. 
The time for which a chromatogram is allowed to run is variable according to the 
type of pattern given by the species being examined. For most Lymnaea species 
a run of about four hours at 20° C has been used but where the pattern has only a 
few bands, some of which are only faintly fluorescent, a run of about one hour’s 
duration may be found useful. For species such as Helix aspersa it is necessary to 
use the maximum run possible, about six hours on 26-5 cm. diameter disks, in order 
to separate clearly all of the bands present in the pattern. 

For examination of the fluorescent patterns an Osram 125-watt mercury vapour 
lamp with a Wood’s glass outer bulb has been used. Chromatograms have been 
tested for fluorescence at wavelengths throughout the ultra-violet spectrum. The 
strongest fluorescence is obtained in the 3650 A band and this is the principal wave- 
length emitted by the Wood’s glass bulb used. Weaker fluorescence also occurs 
in the 3100 A and 2700 A bands. 

Originally the method of Kirk et al. was followed in that the posterior tip of the 
snail’s foot was used for the crush preparation ; subsequent work has shown that the 
substances giving the fluorescent pattern are not derived from the tissues of the snail 
directly but from the mucus secretion of the body surface. The slime-trail mucus of 
the pedal gland in Helix aspersa gives no fluorescent substances but the pattern 
obtained from the general body surface secretion shows all of the bands which are 
present in chromatograms of tissue crushes and a clearer separation is obtained in 
the absence of tissue. The material for chromatographic examination is obtained 
simply by removing mucus from the body surface of the snail with a fine paint-brush 
or wooden splinter and applying it to the paper near the apex of a sector of the disk. 
Gentle pressure with the smoothed end of a piece of glass rod ensures penetration 
of the mucus into the papers which are then allowed to dry overnight at room tem- 
perature. If drying is too rapid the mucus may form a hard lump in the paper 
which interferes with the flow of solvent and results in a distorted pattern. 

Because some species of Lymnaea give scarcely any fluorescent pattern, chromato- 
grams have been treated with a variety of reagents in an attempt to reveal non- 
fluorescent compounds, also in the hope that some progress might be made in the 
identification of the fluorescent materials. The ninhydrin-positive substances 
separated from tissue crush preparations have not been found to show clear specific 
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differences with one possible exception mentioned below. The reagents which 
have been used on chromatograms of mucus are ninhydrin, ammoniacal silver nitrate, 
iodine vapour and Partridge’s (1948) modification of the Elson-Morgan reaction. 


Sources of Material 

L. stagnalis 

1. Basingstoke canal, Hampshire. 

2. St Albans, Hertfordshire. 

3. Flatford Mill, Essex. 

4, Near Glasgow, Scotland. 

5. Malham Tarn, Yorkshire. 

6. Holland (exact locality unknown). 


L. truncatula 
1. Laboratory bred stock, Veterinary Research Laboratory, Weybridge, 
Surrey. 
2. Eakring, Nottinghamshire. 
3. Lindfield, Sussex. 


L. glabra 
1. Near Darlington, Yorkshire. 
2. Anglesey, Wales. 
3. Lindfield, Sussex. 


L. palustris 


1. Laboratory bred stock, Veterinary Research Laboratory, Weybridge, 
Surrey. (Original source—Byfleet, Surrey.) 

2. Bromborough Pool, Wirral peninsula, Cheshire. 

3. Eastham, Wirral peninsula, Cheshire. 

4, Maidenhead, Berkshire. 

5. Haywards Heath, Sussex. 

6. Grantham Canal, Stathern, Leicestershire. 


L. peregra 


1. Laboratory bred stock, Veterinary Research Laboratory, Weybridge 
Surrey. 

. Piltdown, Sussex. 

. Lindfield, Sussex. 

. Shropshire Union Canal, Backford, Cheshire. 

Epping Forest, Essex. 

. Nottingham Canal, Wollaton, Nottinghamshire. 

. Malham Tarn, Yorkshire. 


ta 


ID TP w bo 


LD. auricularia 


1. Shropshire Union Canal, Backford, Cheshire. 
2. Nottingham Canal, Wollaton, Nottinghamshire. 


L. auricularia rufescens (?) 


Laboratory bred at Veterinary Research Laboratory, Weybridge, Surrey, 
from stock obtained from Wah Bridge, 30 miles from Rawalpindi on the 
Peshawar road, North West Frontier Province, Pakistan. 
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L. auricularia rubignosa (?) 


Laboratory bred at Veterinary Research Laboratory, Weybridge, Surrey 
from stock from two sources in the North West Frontier Province of 
Pakistan : 

1. Turangzai village (about 34° 10’ N., 71° 50’ E.). 

2. oe a creek off the Kabul River north of the Peshawar-Rawalpindi 
road. 


L. natalensis 


1. Laboratory bred stock, Veterinary Research Laboratory, Weybridge, 
Surrey. (Origins uncertain.) 

2. Salisbury, Southern Rhodesia. 

3. Khartoum, Sudan. 


L. lessoni 


The Helena River, Western Australia. 
2. Perup River, Western Australia. 
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RESULTS 


Four main groups of results were obtained and the species belonging to these groups 
are treated together for convenience in presenting the results ; this does not neces- 
sarily infer that there is any relationship between the species so grouped. 

Between Rf 0-35—-0-45 on mucus chromatograms of all the Lymnaea species studied 
a double band of strongly reducing substances reacted with ammoniacal silver nitrate 
to give a brown colour later changing to black and with iodine vapour to give a 
light yellowish-brown colour which fades easily. These bands often overlap into a 
fluorescent band but do not coincide exactly with any of them. Because of their 
ubiquitous nature these reducing substances are not mentioned in each of the following 
sets of results. 

The Rf values given are the means for the front and back edges of the fluorescent 
bands from a number of chromatograms. The standard variations from the mean 
values are not included because too much reliance on Rf values may be misleading. 
They are intended to serve merely as an indication of the relative positions of the 


bands. 


L. stagnalis, L. truncatula and L. glabra. (Table II) 

All three of these species at first gave no detectable fluorescent patterns at all. 
The only difference found between them was that when tissue crush chromatograms 
were sprayed with ninhydrin the original spot for the first two species gave a greyish 
colour while that for L. glabra gave a marked bluish-purple. Later, using mucus 
only and a run of one hour at 22° C. two faintly fluorescent bands were detected for 
each of the three species. It was also noted that the fluorescent colours of the mucus 
spots before running were bluish for L. stagnalis, blue for L. truncatula and pale yellow 


for L. glabra. 
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TaBLE IT 
Fluorescent 
Rf colour Ninhydrin Elson-Morgan 
L. stagnalis 0:42-0:49 2 Faint purple | ar 
0:59-0:66 2 oe Bright yellow. 
L. truncatula 0:39-0:47 Faint blue Faint purple .: 
0:53-0:63 m0 ac Faint 
greenish-yellow. 
L. glabra 0-41-0-49 2 Faint purple .: 
0:55-0:67 ? 5 Faint 
greenish-yellow. 


There can be little doubt that the substances here separated are the same in all 
three species but the strong yellow reaction to the Elson-Morgan test given by the 
outer band in L. stagnalis indicates that this substance is present in relatively greater 
concentration in this species. The fact that there does not appear to be any increase 
in the intensity of fluorescence of this band in L. stagnalis suggests that the Elson- 
Morgan positive substance and the fluorescent material may not be identical but 
merely have the same Rf value under the chromatographic conditions used. 


LL. peregra, L. auricularia, L. a. rufescens (?), L. a. rubiginosa (?) and L. natalensis 
(Table IIT) 


The basic pattern given by all of these species is similar and consists of four 
fluorescent bands. To simplify the discussion of the results the bands have been 
given Greek letters, from the lower Rf upward, «, Byy, 0. 

Only the Rf values of the fluorescent band are given. Where ninhydrin- or Elson- 
Morgan-positive substances were found to be not coincident with the fluorescent 
pattern they are simply shown in the table below as lying between the fluorescent 
bands. The f band in all of these species has a greenish-blue colour if viewed by 
transmitted daylight and gives a light brown reaction with ammoniacal silver nitrate. 
This band can be identified in chromatograms of embryo snails removed from the 
egg-capsules. 

The patterns of the first two of these species are almost identical but there is a 
clear feature distinguishing them. In L. awricularia the y and 8 bands are of approxi- 
mately equal intensity and, although in many cases both may be absent, one is 
never present without the other. In L. peregra, on the other hand, the & band is 
always brighter than the y and it gives a faint reaction with the Elson-Morgan reagent 
in about 50 per cent of the specimens examined. In about 30 per cent of the speci- 
mens the y band is too faint for its Rf value to be read with certainty. The « band 
may be absent in both species and is seldom observed in tissue crush preparations 
due to the tailing flare below the # band which is usually present if this technique is 
employed. 

The material originating from Pakistan has been examined for me by Dr Bengt 
Hubendick and, in a private communication, he has informed me that while there 
is no doubt that all of the material belongs to the L. awricularia super-species it is 
not possible to name the specimens with accuracy. The subspecific names used 
here are merely those which seem most appropriate but they are followed by a 
question-mark to indicate the doubt that exists concerning them. The material of 
L. auricularia rufescens (?) has given a pattern similar to that of the British ZL. auri- 
cularia but the y and 6 bands are yellow. If small quantities of mucus from this 
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TaBeE IIT 
Fluorescent 
Rf colour Ninhydrin Elson-Morgan. 
LD. peregra 
a 0:30-0:35 Faint blue 
B 0:41-0:46 Bright blue 
y 0:52-0:57 Faint blue Pink ee 
| Light pink Greenish-yellow. 
| 6 0- 63-0: 67 Blue 8 Light ae 
L. auricularia | 
a 0:31-0:37 Faint blue 
p 0:41-0:45 Bright blue 
| | Light pink 
y | 0-d50—0-52 Blue 506 a 
| Greenish-yellow. 
6 | 0-59-0-66 5 
L. a. rufescens | 
(?) a 0:30-0:36 Faint blue 
B 0:40-0:44 Bright blue 
y 0-50-0-55 Yellow Se ae 
Pink Greenish-yellow. 
6| 0-63-0-67 Bb ic wu 
L.a.rubignosa 
(2) a 0-31-0-36 Faint blue 
B 0-40-0-43 Bright blue 
y 0-56—0-59 Light blue Ss 
| Greenish-yellow. 
fo) 0 Y 64—0 : 66 2? 29 $22 
L. natalensis 
a 0:32-0:36 Faint blue 
p 0:41-0:47 Bright blue uf 
Light pink 
y 0-52-0-56 Blue a st 
Pink Greenish-yellow. 


species are run for about six hours the fluorescent colour of these bands is faint blue 
suggesting that the colour difference may be a matter of concentration of the fluores- 
cent substances. On the other hand, the 5 band in this form does not give a positive 
Elson-Morgan reaction as it does in L. peregra and this would be expected if it were 
the same substance present in greater quantity. L. a. rubiginosa (?) gives a pattern 
not unlike that for L. peregra in that the 5 band is sometimes a little stronger than 
the y but the whole pattern in this form is weaker, even the # band lacking the 
brilliance which is usual in this group. 

L. natalensis has basically the same pattern as the rest but the 6 band has not 
been observed and the y band is very bright, sometimes almost as intense as the Pe 

Tt has been observed that the Rf values of the # band are a little higher in chroma- 
tograms of mucus than they are in tissue crush preparations. It is possible that 
some of the substances present in the crush have a retarding effect on the movement 
of this band. This raises the question of whether a substance will always have the 
same Rf value under given solvent and paper conditions regardless of the other 
compounds present in the original mixture. The evidence of Fox (loc. cit.) suggests 
that it will not, in that the same substances in male and female Drosophila are not: 


separated in the same way in the two sexes. 
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L. palustris 

This species has proved the most interesting of those studied in that not only 
is its chromatographic pattern in no way related to that of any of the other species 
examined but it is the only one in which clear population differences and a possible 
seasonal variation have been detected. 

The first specimens examined were laboratory-bred material derived ten years 
before from a wild population near Byfleet in Surrey. Tissue-crush chromatograms 
were prepared in September and the following fluorescent pattern was observed : 


Rf Fluorescent colour 
0: 46-0-53 Light blue. 
0:56-0:59 Pink. 
0:59-0:65 Lilac. 
0: 76-0: 84 Yellow. 


The pink fluorescent band is scarcely detectable in many of the specimens and is 
only faint in the rest. The yellow fluorescence is not the same as that in L. auricularia 
rufescens (?) but is more of an ochre colour. Exposure to ammonia vapour makes the 
lilac band visible in daylight with a yellow colour and changes its fluorescent colour 
to yellow. This treatment intensifies the fluorescence of the pink band but converts 
its colour to a greenish-yellow. The lilac band also gives a yellow colour with the 
strongly alkaline solution I of the Elson-Morgan reagent and with ammoniacal silver 
nitrate but it becomes colourless once more on treatment with acid. 

No further material was seen until March when about 24 specimens from the 
Wirral peninsula in Cheshire were examined. Mucus chromatograms prepared from 
this material gave the following results : 


Fluorescent 
Rf colour Ninhydrin Elson-Morgan 
0:34-0:43 Faint blue Pale pink Faint pink. 
0-52-0-55 Pink 66 sie 
0:59-0:61 Lilac 25 Yellow (with 
Solution I 
only). 


Tissue crush preparations failed to reveal the yellow band seen in the earlier 
material. The faint blue was barely visible and its Rf was a good deal lower. The 
pink fluorescent band was much stronger and clearly separated from the lilac. The 
Rf of the pink was a little lower than before but that of the lilac remained unchanged 
Similar results were obtained from a different population from the Wirral and another 
from Leicestershire in May. Also in May small samples from Maidenhead, Berkshire 
and Haywards Heath, Sussex were examined and both of these lots showed scarcely 
any trace of the light blue fluorescence while the pink showed only as a faint fringe 
on the inside of the lilac band which was in the usual position. Again no trace of 
the yellow band was found either in mucus preparations or tissue crushes. A further 
supply of specimens from the same laboratory bred stock as the original material 
was then examined and a pattern similar to that given by the last two batches was 
obtained. The pink band was a little more in evidence but still only as a fringin 
flare on the inner edge of the lilac and not as a clearly discrete band as in the mG 
from Cheshire. These results were given by both tissue-crush and mucus prepara- 
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tions. No change had been made in the routine maintenance technique of the 
laboratory bred material since September and the patterns did not vary between 
various size groups in the sample. Anatomical examination has failed to reveal 
any obvious morphological differences between the populations studied. The 
variation in the Rf values of the light blue band may be further evidence of the 
effects of the presence of mixtures of substances on the movement of one particular 
component. 


L. lessoni 


An attempt to send living specimens of this species from Western Australia, 
where it has only recently been found, was unsuccessful. I am indebted to Dr 
J. A. L. Watson of the Zoology Department, The University of Western Australia, 
Perth for making tissue crushes from living material and sending them to me for 
examination. The pattern obtained from these tissue crushes was unlike that of 
any of the previous species, it consisted of a fluorescent flare extending to the solvent 
front and behind it a weak absorption band. Behind the absorption were three blue 
bands of different intensities but so close together that the front of one is the rear 
edge of the next. The table shows the relative positions of the bands in this pattern. 


Rf Fluorescent colour 
0:27-0:35 Blue. 
0:35-0:43 5S 
0:43-0:51 Faint blue. 
0:51-0:61 Absorption. 
0:61-1 Blue flare. 


No tests were carried out on these chromatograms since the results would not be 
comparable with those from mucus preparations in the other species studied. 


DISCUSSION 


Hubendick (1951) has shown that, with the exception of Lanz, there is no real 
justification for any of the large number of generic names which have been used 
in the Lymnaeidae. Hubendick recognizes certain super-species, notably the L. auri- 
cularia group, but points out that on the whole affinities within Lymnaea are difficult 
to determine. 

The present study has contributed little to the existing knowledge of the relation- 
ships within Lymnaea but it has enabled an assessment to be made of the usefulness 
of the chromatographic technique when applied to this type of problem. The 
apparent similarity between the patterns of L. stagnalis, L. truncatula and L. glabra 
is undoubtedly misleading. These three species are in no other way closely related, 
in fact, on the basis of the structure of the prostate, they fall into different groups. 
L. glabra has a simple tubular prostate, considered by Hubendick to be the primitive 
condition, L. truncatula has a single prostatic fold and L. stagnalis belongs to the 
most advanced group with a multifolded prostate. 

The relationship between the chromatographic patterns of L. peregra, L. auri- 
cularia and its sub-species and L. natalensis is supported by anatomical evidence. 
Hubendick (loc. cit.) has stated that the close relationships of L. peregra cannot be 
definitely decided but that the species may probably be derived from L. auricularia. 
He goes on to say that it is difficult to explain how this speciation occurred since the 
range of DL. auricularia covers almost completely that of L. peregra. Since the 
only really satisfactory means of distinguishing the two species is by the length of 
the spermathecal duct and intermediate forms have been seen there is little doubt 
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of the close relationship between the two. The separation of the two species may 
possibly have occurred during one of the glacial periods with L. peregra confined to 
the westward of an ice barrier and L. auricularia to the east. This hypothesis 
explains the greater eastern distribution of L. auricularia and the relatively greater 
abundance of L. peregra in western Europe and is borne out by the finding of fossil 
L. peregra in Britain in deposits dating from the _ante-penultimate inter-glacial 
while L. auricularia has been found only in post-glacial deposits (Zeuner, 1945). 
A great deal of further work will be needed to analyse the situation within the 
L. auricularia superspecies in Asia. The two examples described above are too 
isolated to merit further discussion at present. Hubendick has included L. natalensis 
in the auricularia superspecies and this course seems quite justified. Perhaps 
chromatographic investigation will help to decide whether L. natalensis is really 
an homogeneous species or a complex of closely related forms. :." 

Of L. palustris Hubendick says, ‘L. palustris seems to be a relatively distinct 
species without near relatives in the Eurasian area. In North America, however, 
some forms similar to L. palustris have evolved.’ Chromatography definitely sup- 
ports the lack of relationships of this species to others in the British fauna. It may | 
be that the population differences revealed in England provide the key to the specia- 
tion which has occurred in the Nearctic region. There is no doubt that the type of 
pattern shown by L. palustris lends itself to easy observation of population differences. 
It may be that intensive work will reveal similar differences in other species but it 
must be remembered that the variations between populations noted in palustris is 
as great as the species differences in the peregra/auricularia group. Of the variation 
between the patterns obtained from laboratory bred material of the same stock in 
spring and autumn little can be said at present. No similar difference has been 
observed in the case of L. peregra or L. stagnalis. The most reasonable explanations 
seem to lie either in metabolic changes in the snails in the autumn in preparation for 
hibernation or in the sexual activity of the animals in the spring. Only further 
carefully controlled work can elucidate this point. 

The results obtained from L. lessoni are too isolated for profitable discussion at 
the moment. They give hope that chromatography may assist in sorting out the 
relatively poorly known species complexes in Australasia. 

Perhaps the most significant result of this work is the demonstration of species- 
specific substances in the body-surface mucus of snails. There is reason to suppose 
that among snails, which are non-visual animals, species recognition may be of a 
chemotactic nature. If this is so then chromatographic analysis of body-surface 
mucus may be revealing, at least in part, the mechanism by which inter-specific 
cross-fertilization is prevented. The chromatographic patterns may, therefore be 
taxonomic characters of more fundamental importance than the morphological ones 
at present in use. Further, chromatography may help to elucidate the chemotactic 
means by which the miracidial stages of trematode parasites select the appropriate 
molluscan intermediate host. This work has possibly provided some evidence to 
this effect. When it was discovered that both the African and Pakistani intermediate 
hosts of Fasciola gigantica (L. natalensis and L. auricularia rufescens (?)) showed a 
bright blue band in their chromatographic patterns between Rf 0-40-0-45 and that 
this band was present also in L. peregra of British origin a request was made to 
Dr 8. B. Kendall of the Ministry of Agriculture Central Veterinary Laboratory to 
expose L. peregra to miracidia of F. gigantica of Pakistani origin. In a private 
communication Kendall & Parfitt inform me that this has been done and a few 
cercariae were shed between 132 and 146 days after infection. The infection onl 
became established in a few snails and, after sheddin i i i i 

be: g cercariae the infection was 
apparently thrown off, subsequent dissection of the snails revealing no rediae. In 
a control experiment miracidia from the same batch produced a heavy infection in 
their usual host, L. auricularia rufescens (7) and cercariae were shed after 110 days. 
This is particularly interesting in the light of Kendall’s (1950) work on the suscepti- 
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bility of British Lymnaea species to Fasciola hepatica. He found that, in addition to 
L. truncatula, it was possible to infect L. stagnalis, L. glabra and L. palustris with 
subsequent shedding of cercariae from at least a few individuals of each species. 
Although miracidia were seen to attack L. peregra and early development of sporo- 
cysts occurred in several individuals the redia stage was reached in one specimen 
only and cercariae were never shed. No infections were observed in any of the 
L. auricularia exposed. As yet no L. auricularia of British origin have been exposed 
to infection with F. gigantica. If the infection develops in this species, and there 
1s every reason to believe that it will, a clear group relationship will be demonstrated 
in that the Lymnaea species with the bright blue band at Rf 0-40-0-45 in their chro- 
matograms are refractory to infection with F'. hepatica but susceptible in varying 
degree to F. gigantica. This evidence does not, of course, provide direct support 
for the idea of chemotactic host selection by miracidia but it does indicate a possibly 
fruitful line for further investigation. 

The few chemical tests which have been applied to chromatograms have not 
helped much in the further identification of the fluorescent substances. The uni- 
versal presence of the double band of reducing substances between Rf 0-35-0-45 
revealed by ammoniacal silver nitrate treatment recalls at once the double band 
found with the same reagent at a lower Rf in Laemophloeus spp. by Robertson (1957). 
The lower Rf may be accounted for by differences in technique. Robertson suggests 
that since a ninhydrin reaction is obtained at the same place on his chromatograms 
the substances may be amino-sugars. In tissue squash preparations of snails a nin- 
hydrin reaction is obtained at about the same Rf as the silver nitrate-positive material 
but this is not the case in most mucus preparations and suggests that Robertson’s 
observations may be due to using whole insects in which a ninhydrin-positive sub- 
stance moves closely with the reducing material. In L. palustris however, the light 
blue fluorescent band partly coincided with the silver nitrate positive substances and 
in the same region a pale pink ninhydrin reaction was obtained as well as a light 
pink with the Elson-Morgan reagent. This combination of results does definitely 
seem to indicate the presence of an amino-sugar. The ninhydrin reactions obtained 
from mucus chromatograms have not shown any signs of specificity or much con- 
stancy in their appearance. There is reason to suspect that most of the ninhydrin- 
positive substances are derived from contamination of the mucus by palial fluid 
rather than from the mucus itself. The pale greenish Elson-Morgan reaction at 
Rf 0-60 has been detected in all the species examined except L. palustris and it is 
probably this substance that is present in relatively greater quantity in L. stagnalis 
to give the bright yellow colour recorded. The positive Elson-Morgan reaction of 
the & band in L. peregra is interesting in that it is the only one of the brightly fluores- 
cent substances to give a definite result with this reagent. Until chemical identi- 
fication of the fluorescent substances has been achieved little progress can be made 
in attempts to demonstrate the presence of possibly related non-fluorescent com- 
pounds in species such as L. stagnalis, L. truncatula and L. glabra. ; 

Few papers dealing with the biochemistry of mucoid substances in snails have 
been seen. Masamune & Yosizawa (1950) have shown that in Helix the foot mucus 
contains glucosamine and galactose while glucosamine, mannose and galacturonic 
acid have been isolated from snail mucus mucin. Baldwin & Bell (1938) and Bell & 
Baldwin (1941) have worked with galactogen derived from the albumin glands and. 
egg-capsules of Helix pomatia and demonstrated the presence of 1-galactose as one 
of its components. During the present work chromatograms of the gelatinous 
covering of lymnaeid egg capsules were run, but no fluorescent compounds were 
detected. An observation of some possible significance is that the mucus from the 
snail species which give a brightly fluorescent pattern is at least faintly coloured when 
placed on paper. The yellow of palustris mucus has been shown to disappear when 
treated with acid and to reappear with alkaline reagents and it is this substance which 
gives the lilac fluorescent band (in acid pH) characteristic of the species. The bright 
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blue (f) fluorescent band of the peregra/auricularia group has a bluish-green colour 
in daylight but this does not appear to be affected by pH. , 

No attempt has yet been made to apply two-dimensional chromatography to 
the free amino-acids in snail blood. The indication of specific differences between 
the ninhydrin-positive materials of L. stagnalis and L. glabra suggest that the tech- 
nique may be useful. One important fact must, however, be borne in mind if this 
type of chromatography is to be used. The sensitivity of the ninhydrin reaction to 
varying concentrations of amino-acids has been discussed above and the fact that 
small amounts of some substances may be overlooked has been stressed. Micks & 
Gibson (1957) have partly attributed the success of the technique in entomological 
work to the relatively large quantities of amino-acids present in insect blood but 
Duchateau et al. (1952) have shown that the concentration of free amino-acids in a 
freshwater lamellibranch mollusc (Anodonta cygneae) is less than one-twelfth of that 
in the marine lamellibranchs Mytilus edulis and Ostrea edulis. A similar difference 
was shown by the same authors between a marine sipunculid (Sipunculus nudus) 
and a freshwater annelid (Hirudo medicinalis). If this low concentration of free 
amino-acids in freshwater forms applies to gastropods as well it is possible that some 
modification of existing two-dimensional techniques of chromatography will be 
required to detect specific differences. 

The main conclusion that can be drawn from this study is that the method of 
paper chromatography can be useful in some cases for species discrimination, in 
others for population studies, possibly also for work on host-parasite relationships 
between snails and larval trematodes. That the results can be misleading is amply 
illustrated and the possibility of seasonal variations in patterns must be given con- 
sideration in future applications of the technique. 


SUMMARY 


1. The literature on the use of paper chromatography in taxonomic work is 
reviewed briefly. 

2. The technique of paper chromatography on disks is described and the method 
has been applied to a number of species of Lymnaea. 

ee chromatographic patterns of the species studied are described and dis- 
cussed. 

4. The implications of the discovery of species-specific substances in the body 
surface mucus of snails are discussed, both from the taxonomic and parasitological 
points of view. 

5. The possibilities of applying two-dimensional chromatography to the free 
amino-acids of snail blood are discussed. 
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ADDENDUM 

Since the preparation of this paper a series of three communications under the general title 
« Biochemical Bases for the Taxonomy of Snails ” has been published in the Bull. Soc. Amis Sc. 
Poznan, 14, 1958. The papers are: 1. Michejda, J., Chromatographic analysis of some fresh- 
water snails. 2. Michejda, J. and Urbanski, J. An attempt at a chromatographic analysis of 
some species of snails. 3. Michejda, J. and Turbanska, E. Differences in Chromatographic 
patterns of various organs and tissues. Space does not permit a discussion of this important 
work, however, some of the results described by these authors differ widely from some of those 
described in the present work. Re-examination of my material does not lead me to make any 
modifications to my own reported results at the moment. 
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THE BIOLOGY AND POST-LARVAL DEVELOPMENT OF THE BOPYRID 
PARASITES PSEUDIONE AFFINIS G.O. SARS and HEMIARTHRUS 
ABDOMINALIS (KROYER) [= PHRYXUS ABDOMINALIS KROYER] 


By R. B. Pixs 
The Marine Station, Millport 


(Communicated by Dr. S. M. Manton. F.R.S.) 


(With 1 Table 5 Text-figures) 
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INTRODUCTION 


Durie the study of the growth and biology of the prawns Pandalus bonniert Caullery 
(Pike, 1952) and Spirontocaris lilljeborgii (Danielssen) (Pike, 1954), large collections 
of the bopyrids Pseudione affinis G. O. Sars and Hemiarthrus abdominalis’ (Kroyer) 
were obtained and the notes made from these collections are assembled in this paper. 

In Pseudione affinis all the parasites were obtained from a single host species ; 
they were all extremely uniform in character and there was no doubt that they 
belonged to a single species. With Hemiarthrus the situation was quite different ; 
the parasites were obtained from four species of host within the Firth of Clyde and 
varied in size according to that of their respective hosts. Certain differences were 
also noted in the percentage infection of the host species, which occupied different 
bathymetric habitats, and this suggested that more than one species might be involved. 
They were carefully compared and checked against a large collection from different 
host species from other European localities. The whole collection made a very 
complete series for comparative study, but I have been unable to find sufficient 
anatomical differences to justify any division into separate species. 

I am very grateful to Dr. Torben Wolff of the Universitetets Zoologiske Museum, 
Kgbenhaven, who allowed me to examine an extensive collection from Denmark, 
Iceland and from East and West Greenland. I am also grateful for specimens sent 
to me by Dr. Birger Rasmussen and Dr. Hans Héglund from Norway and Sweden 
respectively. 


1 Chopra (1923, 1930) has clearly shown that the name Phryxus is preoccupied and invalid 
and that the generic name Hemiarthrus (Giard & Bonnier) must therefore be employed. 
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MEASUREMENT OF THE Host AND PARASITE 


All measurements of the hosts given are ‘“‘ carapace lengths ” ; this is the distance 
between the posterior margin of the eye socket and the posterior middorsal margin 
of the carapace. In the parasite the total length was measured from the anterior 
margin of the head to the posterior end of the abdomen (metasome), excluding the 
uropods. This was less accurate in the case of Hemiarthrus than Pseudione, because 
of the greater distortion in the former species. In both hosts and parasites the 
measurement was made to the nearest 1 mm. below, and the data were recorded in 
1 mm. groups. 


ANATOMICAL VARIATION 


(a) Pseudione affinis G. O. Sars 


Some two hundred specimens of Pseudione affinis were collected from the Firth 
of Clyde from the gill chambers of a single host species, Pandalus bonniert Caullery. 
They agree in all respects with the description given by Sars (1899, p. 201). In the 
females very little variation was observed in the body proportions, in the degree of 
segmentation, or in the details of third maxilliped, first oostegite, pleopods and uropods. 
In the males there was also considerable uniformity especially in the segmentation 
of the abdomen (metasome). 


(b) Hemiarthrus abdominalis (Kréyer) 


In contrast to P. affinis, Hemiarthrus abdominalis is found under the abdomen of 
the host and is obtained from more host species than any other recorded bopyrid. 
It appears to infect mainly the Hippolytidae and Pandalidae and has a very wide 
geographical range along the North Atlantic and North Pacific coasts. 

Parasites have been examined from the Firth of Clyde, Denmark, Norway, Iceland 
and East and West Greenland from the following host species (the number in brackets 
after the name being the number of parasites examined from that host), and this 
includes all those given by Sars (1899) and Dahl (1949): Spirontocaris lilljeborgii 
(Danielssen) (262) ; S. phippsiz (Kroyer) (25); S. spinus (Sowerby) (23); Lebbeus 
polaris (Sabine) (29); Hualus gaimardii (H. Milne-Edw.) (32); #. macilentus 
(Kroyer) (5); H. pusiolus (Kroyer) (2) ; Pandalus bonnieri Caullery (18) ; P. borealis 
Kroyer (23) ; P. montagui Leach (28); P. propinquus G. O. Sars (20). The nomen- 
clature of the Hippolytidae is that given by Holthuis (1947) and for the Pandalidae 
that given by Kemp (1910). The parasite is obtainable from an even greater number 
of Hippolytidae and Pandalidae in American coastal waters, as shown by Richardson 
(1905) and Fee (1927), but no parasites have been examined from those waters. 

Hemiarthrus abdominalis shows some small anatomical variations but these are 
not clearly correlated with geographical range or host species distribution. No out- 
standing variations were noted by Sars (1899) or Dahl (1949), but I have found the 
following variations in the abdominal regions only of both female and male parasites. 


(i) Abdominal somites and appendages 


Sars (1899) describes and figures specimens of both immature and adult stages of 
H : abdominalis (as Phryxus). In his description (p. 215) he states that the ‘ metasome 
is as in Athelges, without any true epimeral plates, and only consisting of five segments 
the last forming a narrow terminal piece.’ Chopra (1923) also states that there are, 
in the adults, only five abdominal somites with four pairs of pleopods. 

In the juvenile female Sars (1899 pl. 91) shows a total of six somites, the first 
five somites each carrying a pair of uniramous pleopods (representing the endopods). 
As the bopyrid matures, exopods on the first four somites are also developed and 
these grow much larger than the endopods. In the adult female, therefore, somites 
one to four each carry a pair of biraous pleopods comprised of both endopods and 
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exopods, while the now reduced fifth somite has a pair of small endopods only. These 
small endopods are clearly shown in Sars’ figure (pl. 90), but no mention is made of 
them in the text. This omission was observed by Nierstrasz & Brender 4 Brandis 
(1931) who regarded these structures as uniramous uropods. Fee (1927) also regarded 
similar structures as uropods, which he noted on specimens from Departure Bay, 
Vancouver. These lamellae appear to represent the reduced endopods of the fifth 
abdominal segment and not uropods. They are present in the majority of specimens 
examined (Fig. 1, D) and both endopods and exopods are rarely present (Fig. 1, A) 
giving five pairs of biramous pleopods as in a typical bopyrid. 


? 


5.th. EX+ EN. RIGHT SIDE. UROPOD 
5.th.ENDOPODS 4th.EX+ EN 


UROPOD 4.th. EXtEN. LEFT SIDE. RIGHT SIDE 
Sith.EX+EN. LEFT SIDE. 


Ist. Ree Ist EX. 
EX+ EN. Z é 37 RIGHT 
LEFT SIDE £:. 4 ©6SIDE 


4th. EX+EN. 4th. EX+ EN. 
LEFT SIDE : NE RIGHT SIDE 


Ist. EX+ EN. 
RIGHT SIDE 


Ist.EX. LEFT SID 


I.st.£EN. LEFT SIDE. 


Ist. ABD. SOMITE 


Fic. 1.—Hemiarthrus abdominalis. 
A. Distal end of female abdomen (ventral view), showing exopods and endopods of the 4th and 
5th pair of pleopods and the uropod. x44. 
B. Male abdomen showing segmentation and reduced pleopods on segments 2, 4 and 5. x44. 
c. Female abdomen (ventral view), showing the exopods and endopods of the paired pleopods of 


type l. x16. : 
D. Female abdomen (ventro-lateral view), showing the exopods and endopods of the paired 


pleopods of type 2. x16. 
EX = exopod. EN = endopod. 


(ii) Shape and size of pleopods in female 


In the female of H. abdominalis, obtained from different host species, variations 
have been noted both in the size and complexity of the endopods of the pleopods. 
The pleopods are divisible into two types (Fig. 1, C, D), and in the majority of cases 
the two types are not mixed on a single host species. The character is, however, 
too variable within each group to permit sub-division of the species on this difference. 
In Type I, the endopod splays out on each side of the line of junction with the 
abdomen giving a bilobed effect. The whole can be quite small or show considerable 
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development as illustrated in Fig. 1, C. Type 2 has, as a rule, a much smaller endopod. 
than in type I, and this consists of a single lamina arising from the point of junction 
with the abdomen as in Fig. 1, D. On the whole the bopyrids infecting the pandalids 
have pleopods of type I and those on the hippolytids pleopods of type 2, with some 
exceptions found on Eualus gaimardii from Greenland, #. macilentus from W. Green- 
land and Spirontocaris spinus (Sars 1899, Pl. 90). 


(iii) Terminal abdominal somite of female 


This may take the form of a cone, but more frequently the apex is bifid, and some- 
times the somite is almost completely cleft in two, giving the appearance of uniramous 
appendages, which may represent uropods. 


(iv) T'ubercles on abdomen of male 


Nierstrasz & Brender & Brandis (1931) drew attention to the presence of two 
small tubercles near the distal end and on the ventral side of the male abdomen, 
which they thought represented uropods. I have seen these tubercles frequently, 
especially in specimens coming from extreme northern waters. In an isolated case 
(Fig. 1, B) there were tubercles on what appeared to be indications of the fourth and 
fifth abdominal somites. Those on the apparent fourth somite were biranious and 
those on the fifth uniramous. The latter agree in position and appearance with those 
illustrated by Nierstrasz & Brender 4 Brandis, but if they are situated on the fifth 
abdominal segment they will represent pleopods and not uropods. 


CHoIcE oF Host SPECIES 


Dahl (1949) described the infection of Caridea by Hemiarthrus abdominalis from 
Northern Norway and also analyzed Hansen’s (1908 & 1916) results from the ‘ Ingolf 
Expedition’. In Northern Norway the Hippolytidae are apparently more heavily 
infected than the Pandalidae. In the ‘ Ingolf’ material the degree of infection also 
seems to be higher for the Hippolytidae, although the collection is too small to supply 
conclusive evidence. In Norway the heaviest infection occurs on Hualus gaimardii 
(7-5 per cent parasitization) and on the larger Spirontocaris species, while within the 
Pandalidae, P. montagui (0-5 per cent parasitization) is probably the most heavily 
parasitized. 

The same general picture is found for the Firth of Clyde. The Hippolytidae are 
certainly more heavily parasitized than the Pandalidae. In the former family the 
majority of parasites were obtained from Spirontocaris lilljeborgit at a depth of 80 m. 
(15-2 per cent parasitization), while Hualus gaimardii was free from infection. In 
the Pandalidae the shallow-water species P. montagui was heavily parasitized (10 per 
cent parasitization) while the deeper water P. bonnieri was seldom parasitized (0-5 
per cent parasitization) ; although it occurred on the same ground as Spirontocaris 
lilljeborgit. 

Of the 173 parasites which I have examined from various countries, 150 occurred. 
on the Hippolytidae and 43 on the Pandalidae. In the Danish collection more para- 
sites were obtained on the deep-water Pandalus borealis than in other localities, and 
an equally high number was found on the deep-water Spirontocaris lilljeborgii. As 
no data are available on the number of unparasitized prawns, these figures may reflect 


merely intensity of collecting and not the preference of the parasite for different host 
species. 


NUMERICAL AND SEASONAL FLUCTUATION 


If the prawns remain on the same ground during the whole of their lives the 
percentage of infection might be expected to stay reasonably constant. If, however, 
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the prawns are subject to replacement from outside, this might be reflected in the 
parasitization figures. 

Monthly samples show that the percentage parasitization throughout the year 
for the Firth of Clyde remains fairly constant for both Pseudione affinis parasitizing 
adult Pandalus bonnieri (11-4-18-4 per cent from 1724 prawns) and Hemiarthrus 
abdominals parasitizing adult Spirontocaris lilljeborgii (11-7-18 per cent from 1372 
prawns). The records of H. abdominalis parasitizing Pandalus montagui are incom- 
plete for the whole year, but remain constant (9:1-12-1 per cent from 312 prawns) 
for the period of collection, while the numbers parasitizing P. bonnieri were too few 
for analysis. 

Mr M. Mistakidis, Fisheries Laboratory, Burnham-on-Crouch, has kindly supplied 
me with extra data and notes on the parasitization of Pandalus montagui by Hemi- 
arthrus abdominalis, from the River Thames estuary. He noted in his paper (1957) 
that there was a considerable migration of prawns inshore in spring (April and May) 
and offshore in autumn (September and October). Parasitization occurred in spring 
and early summer and the population became free of parasites during the late summer 
and winter (Table 1). The disappearance of the parasites suggests that they were 
imported during the inshore spring migration of the prawns and killed by local phy- 
sical factors during the summer. It also suggests that the parasites are unable to 
breed within the river and this is supported by two facts. First the O-group prawns 
that have developed within the river, and some of which remain during the winter, 
appear to be almost free of parasites. In the second place the intermediate host 
Pseudocalanus, which the epicaridian larva of Hemiarthrus infects, is rarely present 
in the rivers during the spring and it is doubtful if the larval parasite will accept the 
then plentiful Acartia or Centropages. In the Firth of Clyde both these copepods are 
unacceptable in the absence of Pseudocalanus. Lowered salinity is not the cause of 
death because there is little salinity difference between the river and the open sea, 
but the higher summer temperature recorded for the river (Mistakidis 1957, p. 40) 
or possibly water pollution during the summer months, may perhaps be factors 
which kill the parasite. 


TaBLEI. Shows the numbers of Pandalus montagui collected from the River Thames 
estuary over the year and their percentage parasitization by Hemiarthrus abdominals. 


River Crouch River Thames Clacton-on-Sea 

Host Pandalus montagut Host Pandalus montagui Host Pandalus montagui 
Date No. OK Date No. % Date No. oy, 
5. 5.50 ee: 2°53 23. 5.50 359 1-67 4. 4.50 400 iL! 7AS) 
2. 6.50 429 2-33 22. 6.50 400 0:25 6. 6.50 355 1:97 
4. 7.50 141 0-70 25. 7.50 279 0 lis, Tt) 396 ihe@ | 
4. 8.50 196 0 24. 8.50 352 0 3. 8.50 400 0:5 
18. 9.50 400 0 21. 9.50 400 0 6. 9.50 400 0 
16.10.50 400 0 17.10.50 400 0 13.10.50 400 0 
9.11.50 400 0 17.11.50 357 0 16.11.50 400 0 
8.12.50 400 0 18.12.50 400 0 19. 1.51 107 0 
18. 1.51 168 0 16. 1.51 400 0 16. 3.51 400 0-50 
19. 2.51 58 0 28. 2.51 400 0 30. 4.51 400 0-50 
19. 3.51 164 0 30. 4.51 400 0 
26. 4.51 367 0 30. 5.51 214 0 
2am Ono 239 0:41 pe 

Totals 3717 056% Totals 4361 0: 16% Totals 4058 0-58% 
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A, shows the growth rate of the parasite Pseudione affinis in relationship to its host, Pandalus 
bonniert. 


B, shows the growth rate of the parasite Hemiarthrus abdominalis in relationship to its host 
Spirontocaris lillieborgii. 
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THE EFFECT OF THE PARASITE ON THE LONGEVITY OF THE Host 


Under laboratory conditions it is more difficult to keep prawns alive if they are 
parasitized. This suggests that mortality in nature is higher among parasitized 
prawns and that this would be reflected in a relatively greater percentage parasitiza- 
tion in the first year. On the contrary, 1951 showed that of the 2145 first year Pandalus 
bonniert collected, only 7:8 per cent were parasitized by Pseudione affinis, while of 
the 1724 mature second and third year prawns 14-4 per cent were parasitized. 
Similarly with Spirontocaris lilljeborgiit parasitized by Hemiarthrus abdominalis, of 
the 330 first year prawns collected 9-7 per cent were parasitized and in the 1372 
second year prawns the parasitization had increased to 15-2 per cent. Parasitization 
normally takes place in the early post-larval life of the prawn (see below), and I have 
no satisfactory explanation of the increased parasitization observed in the older 
prawns. 

Specimens of Pandalus bonnieri parasitized by Pseudione affinis have never been 
obtained exceeding 18 mm. carapace length, while some 35 per cent of non-parasitized 
prawns exceed this length. If we assume that the growth rate of the parasitized 
prawns is not markedly retarded by the parasite (see Tucker, 1930 and Hiraiwa & 
Sato, 1939), then it would appear that parasitization often shortens the life of the 
prawn, and some 18 per cent of the prawns parasitized outlive the parasite. A partial 
collapse of the swollen gill cover always shows that an infected prawn has lost its 
parasite, but the loss of Hemiarthrus from under the abdomen of the host cannot be 
detected. 


Tue GROWTH OF THE PARASITE IN RELATION TO THE Host 


I have found that larval parasites, in all species studied, infected the host in its 
early larval life, and grew up with the host (Fig. 2, A & B). The entry into the gill 
cavity took place over a period of about two months. Although this attachment took 
place over a short period, the breeding of the parasite continued throughout the year. 
This is supported in general by the works of Tucker (1930), Caroli (1928), Hiraiwa 
(1936) and Caullery (1952), but Reverberi & Pitotti (1942) found that the hatching 
of Ione thoracica Montagu took place in spring only. The infection of the host, 
Callianassa tyrrhena (Petagna) (= C. laticauda Otto) appears to be more complicated 
and its cryptoniscan stage larva can live a long time without food under experimental 
conditions. 

In those species that reside permanently in the gill cavity the larval parasite 
made an impression on the soft gill covers soon after entry and this impression in- 
creased with the rapid growth of the parasite. It is doubtful if an impression could be 
made on the stronger gill covers of an adult prawn by a larval parasite. 

In Hemiarthrus, on the other hand, the larval parasite after a few moults in the 
gill cavity of the juvenile host, Spirontocaris lilljeborgit, then takes up its final position 
under the host’s abdomen. Caroli (1934) suggested that the gill chamber afforded a 
measure of protection to the larval parasite when passing through the transformation 
to the bopyridium stage. It is not obvious why the same protection cannot be afforded 
to the larva in the gill chamber of the adult host and so allow infection of these 
prawns throughout their life, but as in Pandalus bonnieri extremely few adult prawns 
have been found with young parasites (Fig. 2 A). 


Tae EFrect oF THE BOPYRID ON THE REPRODUCTIVE ORGANS OF THE Host 


The gonads of female Pandalus bonnieri parasitized by Pseudione affinis were all 
rudimentary. Where the prawn outlived the parasite the gonads became active again, 
and the prawn laid an almost full complement of eggs, the number being a little 
below the mean for unparasitized individuals (Fig. 3). Parasitization apparently 
inhibits breeding without destroying the ovaries, and this is supported by the work 
of Hiraiwa & Sato (1939). The same appears to be the case for the male prawns. No 
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i i th vasa deferentia and 
change in sex was observed except in two cases, where bo ‘ 
Eee were present. This is perhaps not surprizing in a genus with strong pro- 
tandric tendencies, although no protandry has been demonstrated in this species 
(Pike, 1952). 


i i lus bonniert and 
Reduction of gonads occurs in both male and female Panda 

P. montagui pekestized by Hemiarthrus abdominalis. On three occasions females 

were found carrying a few eggs in addition to the parasite. The same condition of 
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Fia. 3.—Compares the number of eggs carried by Pandalus bonnieri showing previous 
parasitization (parasite discarded), with the number carried by unparasitized prawns. 


the ovaries exists in Spirontocaris lilljeborgit parasitized by Hemiarthrus abdominalis, 
but no females were found carrying both eggs and parasites, although the numbers 
examined were considerably greater than in the case of Pandalus. No parasitized 


Spirontocaris males were collected. 


Tue Post-LarvaL GROWTH AND REPRODUCTION OF THE PARASITES 


The larval development of a bopyrid is now well known and follows the pattern 
described by Caullery (1907, 1952). The length of time required for development 
of the eggs of the two species here dealt with has not been determined, as parasitized 
prawns are diffiult to keep in aquaria. The larvae were reared from the epicaridian 
stage to the cryptoniscan stage during the winter and this took a month under 
laboratory conditions with water temperatures at about 9:5°C. At Naples in July, 
the same development occupied only a week in the case of Jone thoracica (Caroli, 1928). 
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Fic. 4.—Shows the growth rate in Pseudione affinis females, 
collected from Pandalus bonniert during 1952. 
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(i) Pseudione affinis . 

The epicaridian larvae of Pseudione affinis attach themselves to Calanus jinmarch- 
cus as the intermediate host and in the laboratory would accept no other offered 
copepod. They leave the copepod in the cryptoniscan stage and enter the gill cavity 
of five to seven month old, recently metamorphosed Pandalus bonniert during the 
months July to September (Fig. 4, 1 mm. group, July-Sept.). After September no 
more free cryptoniscan larvae are to be found in the gill cavities of young prawns. 
They are, however, present in the water as they are frequently discovered during the 
winter attached to immature or unpaired adult female parasites (c.f. also Caullery, 
1952). By the beginning of the year the young female parasites have grown to a 
mean length of 5 mm. and continue to grow rapidly so that the largest are mature 
by the middle of February. Pseudione affinis therefore requires about nine months 
to reach sexual maturity, if one month is allowed for larval development (Fig. 4— 
July—February). The maximum length of the parasite is 16-17 mm. on prawns of 
18 mm. carapace length and about 24-26 months old (Pike, 1952, p. 264). The 
eryptoniscan of about one month old enters the gill cavity of a post larval prawn of 
about 5 months old, and so the largest parasite was about 20 months old and had 
a sexually mature life of about one year. During that time the parasite produced 
one brood after another, as the gonads could be seen actively preparing for the next 
oviposition prior to the liberation of the larvae from the brood pouch. Taking three 
months as an average interval of time between successive broods (c.f. Hiraiwa, 1936) 
Pseudione affinis could produce three, possibly four broods, before death. 


(ii) Hemiarthrus abdominalis 


The epicaridian larva of Hemiarthrus abdominalis attaches itself to Pseudocalanus, 
as the intermediate host, and reared individuals would accept no other offered copepod. 
The cryptoniscan larva leaves the copepod and enters the gill cavity of the final host 
where it remains for a number of moults with its head pointing towards the posterior 
end of the prawn, as also do the bopyrids which permanently reside in the gill chamber. 
The cryptoniscan larva develops rapidly into a young female, leaves the gill chamber 
and migrates along the ventral edge of the pleuron of that side of the host until it 
reaches the first pleopod of the same side. This migration is not completed in one 
movement, as young prawns are frequently found with the parasite fixed to the ventral 
pleuron edge. The parasite attaches itself to the pleopods of the host on one side 
only and so develops a right- or left-handed asymmetry, dependent on whether it 
started from the right or left gill chamber of the host. Caroli (1934) first noted this 


behaviour of the cryptoniscan larvae in two Mediterranean species of Hemiarthrus 
[== Phrivus]. 


Cryptoniscan larvae of Hemiarthrus were found in the gill chamber of the host 
from July to January with the peak numbers from July to September (Fig. 5, 1 mm. 
size group). By April the oldest of these, now on the pleopods of the host, were 
mature. Thus the time taken to reach maturity was under a year, but the variation 
in parasite size was much greater than in Pseudione affinis for a given size of host. 
The maximum length reached by Hemiarthrus abdominalis on Spirontocaris lilljeborgii 
was 10 mm. on prawns measuring 10 to 12 mm carapace length and about 24 months 
old (Pike, 1954, p. 745), so that the average age is from 16 to 18 months. This gives, 


as in Pseudione affinis, a mature life of from nine to twelve months, with the possibility 
of three or four broods. 


ConcLUSIONS 
_ I. The species Pseudione affinis G. O. Sars shows little anatomical variation 
within the Firth of Clyde, where the author has found it on Pandalus bonnieri only. 
2. Hemiarthrus abdominalis has been obtained from about 22 host species through- 
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Fig. 5.—Shows the growth rate of Hemiarthrus abdominalis females, 
collected from Spirontocaris lilljeborgit during 1952-53. 
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out the world. Examination of parasites from 12 of these lead the author to 
the conclusion that the anatomical variation observed would not justify division into 
separate species. 

3. Anatomical variation in the female H. abdominalis is confined mainly to the 
enlargement of the endopods of the pleopods and to the degree of bifurcation in the 
last segment. In the male the shape of the abdomen is particularly variable. 

4. H. abdominalis is mainly a parasite on the prawn families Pandalidae and 
Hippolytidae ; the latter appears to be more frequently parasitized than the former. 

5. Prawns parasitized by Hemiarthrus abdominalis appear to migrate into the 
Thames estuary during the spring. Local estuarine conditions kill the parasites 
during the summer so that a parasite-free population of prawns is left until the 
following spring. It also appears probable that the parasite is unable to breed within 
the river estuary. 

6. In Pseudione affinis the cyptoniscan larva enters and remains in either gill 
cavity. In Hemiarthrus abdominalis the larvae also enters either the left or right gill 
cavity, but after undergoing several moults, it migrates, in the bopyridium stage, 
via the pleuron of that side to the first pleopod on the same side. There is no pre- 
ference shown for either side of the host’s body by either species of parasite. 

7. The normal length of life for Pseudione affinis and Hemiarthrus abdominalis is 
about 18 months. The parasite matures in about 9 months and probably produces 
from three to four broods before dying. 

8. In Pseudione affinis the parasite died before the host in 18 per cent of the cases 
examined. 

9. Breeding is inhibited in hosts carrying either parasite. Where the host outlives 
the parasite (observations confined to P. affinis), the host is then again able to breed. 
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INTRODUCTION 


SPECULATION upon the origin of the phylum Chordata has in recent years seemed 
less interesting to students of evolution than it did in the nineteenth century, partly, 
no doubt, because as more has become known of the various invertebrate phyla which 
were suggested as candidates for chordate ancestry, their title to this position has 
been seen to be based upon very slender evidence ; such similarities as were cited 
between these groups and the chordates are seen today to be analogies rather than 
homologies. Few zoologists would now attempt to uphold the view that the chordates 
arose from the Annelida or the Arthropoda. 

In part, also, interest has waned in this topic for a very different reason. The 
discovery of the chordate-like tadpole larva of the Ascidiacea, and the demonstration 
by Conklin (1905, 1932) that the ascidian fate map was in essential details exactly 
equivalent to that of amphioxus and the craniate, seemed to place the tunicates 
firmly in the position of the ancestral stock to the chordates ; and (since fossil evi- 
dence as to the origin of the Urochorda is lacking) the question has been regarded as 
more or less closed. Many zoologists believe that it is most reasonable to suppose 
that the chordates arose from the Urochorda, but that it is not profitable to discuss 
the transformation in detail, for we cannot discover much about it. 

However, attempts have been made to disentangle the relationships of the two 
groups, and the modern views of chordate origin from the Urochorda (based upon 
the ideas of Garstang, 1928), are of much interest. The emphasis which Garstang 
placed upon the importance of neoteny (paedomorphosis) in the evolution of new 
groups of organisms, and the similarities between adult chordates and the larvae of 
the sessile ascidians, naturally led to the rejection of earlier views of the Urochorda 
as degenerate vertebrates, and to the modern theories of chordate origins from primi- 
tive ascidian larvae by neoteny. What may be called the ‘ ascidian-origin ’ theory of 
chordate evolution has been argued at length by Berrill (1955), and most recently, 
by Whitear (1957)—these authors either derive the chordates from the tadpole 
larvae of early Urochordates, or from the tadpole larvae of early ascidians; the 
Acrania are regarded as of similar (though independent) evolution. 

The evidence for this view of chordate origins depends chiefly upon the morphology 
of the tadpole larva ; in effect, the protagonist of this theory points to the striking 
resemblance between the tadpole larva and the adult chordate, and claims that these 
correspondences inevitably lead to the conclusion that they arise as a result of the 
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origin of the chordates by neoteny from forms similar to the tadpole larva. The 
differences between the various theories of this type, then arise from different views 
of the evolutionary stage of the Urochorda at which the neotenous transformation 
is imagined to have taken place. 

The interesting point about many of the theories of the ‘ ascidian-origin ’ type, 
is that little attention is paid to the functional basis of the neotenous transformation 
leading to the chordate line ; it suffices to indicate morphological evidence pointing 
to the occurrence of neoteny, without considering the functional difficulties that this 
change involves. These difficulties may be considerable ; I shall attempt to show in 
the present discussion of the subject that they rule out the Urochorda as chordate 
ancestors. It is interesting that Carter (1957) comes to the same conclusion, on rather 
different grounds. 

Carter struck at the base of the ascidian-origin theory by denying that the 
hypothesis of neotenic transformations was a necessary one in phylogenetic specu- 
lation. He pointed out that the resemblances between the adults of one group, and 
the larvae of a related group could be accounted for without invoking the neotenous 
transformation of the former from the latter, and suggested that the great majority 
of examples of so-called neoteny could be more simply explained by assuming that 
the two groups in question shared a common ancestor, whose larva the one group 
came to resemble by the retardation of appearance of some of the characters of the 
original larva so that they appeared in the adult descendants. 

In my opinion, this rejection of the hypothesis of neoteny is a false economy ; 
although the hypothesis has suffered from uncritical use by various authors who 
have not sufficiently considered the functional difficulties implied in neotenic trans- 
formations ; there is still a good case for many of the examples of neoteny which 
have been suggested. In particular, I shall try to show that a neotenic transformation 
has resulted in the origin of the chordate line, though it did not take place at the 
stage supposed by the protagonists of the ascidian-origin theory. 

The argument leading to this conclusion is somewhat complex, and I shall there- 
fore follow Garstang’s example in setting out a summary of the steps involved, 
before considering each point in detail. 


Summary of Argument 


1. General considerations of the problem of neoteny in the chordate line 


(a) Neotenic transformations have been supposed either to be sudden, (by a 
‘ macro-mutation ’ affecting the reproductive organs of the larva), or to be gradual ; 
it is shown that the gradual alteration of developmental processes is a much more 
probable hypothesis. Saha 

(b) If the process leading to total neoteny was a gradual one, this implies that it 
must have been of selective advantage to the animal becoming modified in this manner. 

(c) This consideration makes it unlikely that the ascidian tadpole larva can have 
undergone neoteny to give rise to the chordate line. From the origins of the group, 
the tadpole larva was specialized for short range site selection, and its physiological 
peculiarities are exactly the opposite of those which would be expected in the form 
which is assumed to have undergone gradual neoteny. 

(d) So-called neoteny has taken place in the Urochorda to produce the Thaliacea, 
but this is a different process from that which (it is assumed) gave rise to the chordate 
line, and does not argue for the neotenous origin of the chordates from the Urochorda. 


2. The nature of the larva giving rise to the chordate line by neoteny 

(a) Two types of larvae are recognizable in the Protochordate groups ; those 
living for a long period in the plankton where they feed and increase in size, and those 
which are specialized for a short free-swimming period, during which they do not 


feed. 
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(b) The former type of larva is suggested to have undergone neoteny to give rise 
to the chordate line as a consequence of selection increasing the larval life in the 
lankton. 
< (c) It is suggested that the larval period in the plankton was lengthened to enable 
the larva to exploit the rich food supply at the sea surface. 


3. The Urochorda as chordate ancestors 

(a) The Ascidiacea can be disregarded since their larvae are specialized away 
from the physiological type which is assumed to have given rise to the chordate line. 

(b) These arguments apply to the Urochorda also, from the origin of the group. 

(c) It is suggested therefore, that the Urochorda have inherited the tadpole larva 
from an earlier group, and have lost their claim to chordate ancestry by adopting a 
sessile habit and consequently specializing their larvae for site-selection. 

(d) It is therefore necessary to consider the adult animals which possessed tad- 
pole-like larvae, and gave rise to the chordates by neoteny. It is supposed that they 
were semi-sessile, reasons are given for rejecting the alternative view that they were 
free-swimming and gave rise to the chordate line without neoteny. 


4. The Hemichorda as chordate ancestors 


(a) The homologies of the head coeloms and their connexions and derivatives 
definitely implicate the Hemichorda in chordate ancestry. 

(b) The modern tornaria type of larva is supposed to be ancestral for the group, 
from it, a tadpole-like larva was evolved (following Garstang) as an adaptation for 
increasing the planktonic life of the larva. 

(c) From this larva, the chordate line arose by gradual neoteny, and the abandon- 
ment of the hemichordate adult structure. 

(d) It is suggested that the modern Pogonophora throw some light on the question 
of this original adult structure. 


5. The relationships of the Acrania 


(a) The Acrania are considered to represent the early paedomorphosed chordate 
type, which have lost their claim to chordate ancestry by the adoption of a semi- 
sessile habit (and the secondary acquisition of a larval stage). 

(b) Amphioxus is more definitely sessile than the Asymmetrontids, its larva is 
reduced compared with other larvae known in the group and it is suggested that it 
is being reduced to a short range site-selector as in the Ascidiacea. 

(c) The amphioxides type of larva, on the other hand, lives for long periods in 
the plankton and may possess developed gonads ; it seems that it is recapitulating 
the evolutionary history of the chordates at the present time ! 


GENERAL CONSIDERATIONS OF THE PROBLEM OF NEOTENY IN THE CHORDATE LINE. 


It is curious that the process of neoteny (usually agreed to have played an 
important role in the production of the chordate line, but see p. 260) has not been 
considered in detail. Whilst it is easy to suggest points of resemblance between, say, 
the amphioxus larva or adult, and the tunicate tadpole larva, it is very much more 
difficult to envisage the process whereby the larval form of the one became trans- 
formed into the adult of the later type. 

It is clear that this process could be brought about in two different ways. It is 
possible that the new adult form might arise directly at a single step, by some funda- 
mental alteration of the relative rates of development of the gonads and of the somatic 
characters. In this way, many of the later appearing characters of the ancestral 
adult form would be missed by the new form, or even, if the gonads matured in the 
larva before metamorphosis, the new form would lose all trace of the characters of 
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the ancestral adult. The transformation of this tadpole larva to the vertebrate in- 
volves an alteration of this latter kind. 

The objections to such a sudden step as this appear almost insuperable. Many of 
the objections that have been urged against the appearance of new bi-sexually re- 
producing organisms by polyploidy apply with equal force in this case. The difficulty 
of such a view, is with what type of animal does the newly produced neotenous form 
reproduce ? Without considering the extreme unlikelihood of a “ macro-mutation ” 
sufficient to cause neoteny resulting in an animal able to survive, let alone an animal 
capable of reproducing itself; it is very difficult to see how this sort of mutation 
(which is affecting the reproductive mechanism) could spread in the population. 

In the modern Ascidiacea, Carlisle (1951) has shown that special mechanisms 
exist for the simultaneous release of gametes from a number of individuals ; it is 
likely that similar mechanisms are found in the Acrania. It is thus not probable that 
a larva living in the surface layers, which has been produced by a large mutation 
sufficient that its gonads are mature at this stage, could produce gametes that would 
be able to come into contact with those produced by the sessile adult forms from 
which the larva arose. It does not seem likely that. the timing of gamete release of 
the neotenous larva could be correctly ‘ geared’ with that of the original adults ; 
such mechanisms for the correlation of gamete release are necessary because of the 
short period of viability of the free gametes in the sea. 

However, Whitear (1958) regards the transformation of the early Urochordate 
larva to the chordate as a sudden step; but it is probable that most speculations 
upon the role of neoteny in evolution have been concerned with a much more‘ gradual ’ 
type of neoteny although this is not usually explicitly stated. 

That the neotenous change was a gradual process, taking place over many 
generations, so that the gonads became functional earlier and earlier in ontogeny (or 
alternatively, that the larva spent longer and longer of its life afloat, so that the 
gonads appeared in larval life), finally becoming functional in larval life with the 
production of a new, neotenous form—is a much simpler process to imagine. If the 
neoteny arose in this manner, then not only would the larva be gradually adapting 
to life in the surface plankton, developing larval adaptations fitting it for such a life, 
but also, it is understandable that many larvae would be undergoing this process 
concomitantly so that when total neoteny eventually took place, it would occur in 
a population (thus being perpetuable by reproduction within this group) and not, as 
in the view of sudden neoteny, taking place in a single larva only. 

Such a view of the neoteny of the early larva to the chordate adult implies that 
the process of gradual neoteny must have been of selective advantage to the larvae 
that were gradually becoming neotenous—it is this aspect of the problem that is 
illuminating when speculating upon vertebrate origins. 

Berrill has convincingly shown that the modern tadpole larva of the Ascidiacea 
is a highly specialized organism, specialized for short-range site-selection. In his 
analysis of the structural and behavioural peculiarities of the various types of modern 
tadpole larvae, he has shown that they are adapted for a short larval life, and for the 
selection of sites of attachment for the new adult, close to the parent form. 

There can be little doubt that the selective forces acting upon the modern tadpole 
larva, resulting in the specialized larva seen today, have been acting from the origin 
of the Ascidiacea as a group; there is no reason to suppose that the larva of the 
present-day Ascidiacea is a much compressed version of the earlier larva of that 
group (whether or not the larva first arose within the group). This conclusion is 
supported by consideration of the structure of the pelagic tunicate Doliolum. ' 

It is generally agreed that the Doliolids have been produced from sessile Asci- 
diaceans that have failed to settle and have become adapted to a pelagic life. From 
the Doliolids, the Larvaceans are then derived by neoteny. 

Now, as Whitear points out, the discovery by Lohmann (1922) of an apparently 
modern Larvacean (Oesia) in a middle Cambrian deposit, implies that at this time 
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the Doliolids had already been produced from the Ascidiacea ; the point of interest 
in the present connexion is that the cell numbers of the modern Doliolid tail (resorbed 
before the oozooid hatches) are those of the tail of the modern tadpole larva, so that 
this larva can scarcely be regarded as a modern specialization. 

The next point in the argument, is that stage at which the tadpole larva evolved, 
in the history of the Urochordates. ak iy, 

Reasons have been given above to indicate that from the origin of the Ascidiacea 
as a group, their larva was of the modern type. If, as Berrill supposes, this tadpole 
type of larva is an Ascidiacean invention, then, on this view, it cannot be regarded 
as a vertebrate ancestor. From its origin, it was being selected for short-range site 
selection, and thus selected in exactly the opposite direction to that which would 
lead to gradual neoteny. 

This type of larva is not a suitable one from which to derive the chordates by 
neoteny. It is the result of selection maintaining and specializing a short larval phase, 
and is physiologically quite unlike the type of larva which underwent neoteny, whose 
whole history must have been of longer and longer periods spent in the plankton whilst 
the neoteny gradually appeared. 

The fundamental difference between this type of larva characteristic of the 
Ascidiacea, and the latter type, which it is here suggested gave rise by neoteny to 
the vertebrates, will be discussed in the next section. Before considering this other 
type of larva, it is necessary to consider an objection which may be raised against 
the summary rejection of the tadpole larva as a form which can undergo neoteny. 

The difficulties of neoteny in the tunicate line, that have been emphasized above, 
may be thought to be not insuperable, for Garstang himself has sufficiently shown 
that neoteny has taken place several times in the tunicate line—resulting in the 
various groups of pelagic tunicates. The process that upon Garstang’s view has taken 
place in the production of these groups is however, of a different kind from that which 
may be supposed to have taken place in the production of the chordate line. The 
hypothesis is that for some reason or other, the tadpole larva which gave rise to the 
Doliolids, failed to settle, (possibly because of a failure of development of its sensory 
apparatus), and went on to feed and adopt a pelagic life. From Doliolids formed in 
this way, further stages lead on to the Larvaceans. 

What is significant, is that there are definite signs of a metamorphosis in Doliolids, 
which has been reduced and suppressed ; similarly, in Pyrosoma, although develop- 
ment is much altered, the end result is the formation of Ascidiacean-like adults, 
although fixation has not taken place and the colony is pelagic. It seems most rea- 
sonable therefore, to regard the process that has given rise to the pelagic tunicates, 
as different in kind to that which may have given rise to the chordate line: total 
neoteny has not, in fact, taken place. What has happened in this case is that settle- 
ment of the metamorphosed larva has not taken place, a new organism has been 
produced.by the modification of the free-floating adult organism. Such a view of the 
origin of the pelagic tunicates does not involve any alteration in the developmental 
physiology or behavioural peculiarities of the tadpole larva—so far from this larva 
giving rise to a new form by neoteny, it gives rise to a free-floating adult and is itself 
almost immediately suppressed, for it is no longer required by the new pelagic adult. 

The neotenous origin of the chordate line from the tadpole larva is a very different 
type of process, it has been suggested above that this process is very much more 
difficult to imagine. 

In the next section, the nature of the larva which gave rise to the chordate line 


oe discussed, and the problem of the adult form that possessed this larva will be 
studied. 


Tur NATURE OF THE LARVA WHICH GAVE RISE BY NEOTENY TO THE CHORDATE LINE. 
It is clear that in the living forms that have been considered as more or less closely 
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related to the chordate ancestor, there are two types of larvae, recognizable by their 
very different developmental physiology ; although they are morphologically diverse. 
On the one hand, there is the tunicate tadpole larva which lives free-swimming for a 
period of hours only, and metamorphoses near the parental site. On the other, are 
the larvae of the Echinoderms, Enteropneusta, and the amphioxides larva of the 
Acrania. These larvae spend many weeks or even months free-swimming in the 
surface layers, and then undergo a sudden metamorphosis to an adult which may take 
up life very far from the parent site. In these larvae, which drift for long periods in 
the plankton, there is no question of short range site selection (as in the Ascidiacea), 
and the selective forces acting upon such larvae are very different from those acting 
upon the tadpole larva. It is worth noting in this connexion, that the adults of the 
second group of larval types, are not strictly ‘ sessile ’ as are the Ascidiacea, and thus 
the difficulties of site selection are not placed upon the larva to such an extent as 
they are upon the tadpole larva. 


surface layer—— —- —--—-——————————-——— ——--—----- 


feeding and growth in 
plankton 


metamorphosis metamorphosis 
/ 


ADULT PARENT ADULT PARENT 
S04 DOOM TTTLATITITITITITITITITITIT I TITIAN TUTTT 


Type | Type 
Tunicate tadpole larva Larvae of Echinoderms; 
; Hemichordates, and some 
Acraniates 


Fie. 1.—Diagram illustrating different life-histories of the two larval types. 


It is of course true that the substrate does affect larvae of the second type, in their 
settlement (e.g. the metamorphosis of Polychaete worms, studied by Wilson (1955)) 
but the requirements for successful metamorphosis and adult life are very much less 
stringent than they are in the Ascidiacea. digs ike 

The larvae of the second group, adapted to spending a long feeding period in the 
plankton, growing and increasing in size, show many special features which aid them 
to maintain their position in the surface layers. Such for example, are the muscular 
lobes of the larva of the asteroid Luidia, the complexity of the ciliated bands of the 
larger tornaria larvae, or the complex feeding arrangements of the amphioxides larva. 

The difference between this type of larva and that of the tunicate tadpole may be 
diagrammatically illustrated as in Fig. 1. 


It is from larvae of the second type, physiologically adapted to a long pelagic 
larval life, with various special adaptations fitting them to maintain their position, 
and to feed in this position, that the gradual neoteny producing the chordate type is 
to be supposed to have taken place. In such larvae, the pressure of selection operates 
in the opposite direction to that in the Ascidiacean line, towards the prolongation of 
the larval phase ; it is possible to imagine the way in which, as the larva spent longer 
and longer in the surface plankton, its gonads became functional in the larval stage, 
and already adapted to life in the plankton, it could survive and reproduce as a new 
son only is this process possible to imagine, but it seems that at the present time 
it can actually be observed to be taking place! In the amphioxides larvae of the 
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Acrania (first studied by Goldschmidt (1905)), gonad rudiments appear before the 
metamorphosis, and the larvae live for at least several months in the plankton 
before metamorphosing, (it was in fact, at first supposed that they were adult animals). 
The position of these larvae has been misinterpreted by earlier speculators, it is 
certain that they are not ‘doomed to an eventual death as a larva ’ as Berrill sup- 
posed, (see Bone (1957) for a brief discussion of this point). The acrania are a special 
case, their status in phylogenetic speculation will be discussed in detail below, never- 
theless, the dramatic recapitulation by the amphioxides larva of the neotenic origin 
of the chordate line, makes it very probable that they are the closest representatives 
living of the ancestral type of protochordate larva. 

In the view put forward above, it is suggested that the larvae of the second type 
have spent longer and longer in the plankton ; that selection upon this larva acted 
to prolong larval life, and finally neoteny took place to the chordate line rather as 
a by-product of the pressure of selection maintaining and increasing the larval free- 
swimming phase. 

It is therefore necessary to consider what selective advantage the increase of 
pelagic life may have conferred upon such a larva. It is clearly unwise to press the 
argument too far, when there are few facts upon which to base any speculation which 
we may wish to make; however, the following facts are available, and enable a 
reasonable suggestion to be made. 

Firstly, the production of forms which are free-swimming in the plankton is a 
process that seems to have taken place several times in the groups that are being con- 
sidered. The arguments of Garstang upon the production of the pelagic tunicates 
have already been referred to. It is likely that the amphioxides larva represents a 
stage in this process. Amongst the Echinoderms, there are pelagic species (e.g. 
Uintacrinus, Eldonia and Pelagothuria), although these are apparently excessively 
rare in the group. Secondly, the production by bottom-living animals of free-swimming 
forms seems to have taken place in several quite unrelated groups, such as the 
Polychaeta (Z'omopteris) ; Nemertina (Pelagonemertes) ; and perhaps the Crustacea 
(Copepoda from Decapoda, Gurney (1942)). It is, of course, true that the reverse 
process is equally common. Thirdly, the animals whose larvae have been considered 
are all sessile or semi-sessile bottom dwelling forms, depending at least to some extent 
upon their larvae for distribution. Lastly, all feed (with the exception of the modern 
tadpole larva) upon small particles of food which they filter out of the water. 

These considerations, and the fact that the greatest concentration of food particles 
is found at the surface of the sea, suggest that the production of forms living in the 
plankton, in the rich food layer at the surface of the sea, is a direct response to the 
availability of this rich food supply—the neotenic transformation has taken place 
indirectly as a result of the exploitation of this food supply by the larva. It is no 
coincidence that quite unrelated groups have produced neotenous forms exploiting 
the surface layer in the same manner. 

These considerations have been very general; specific groups have not been 
implicated in the consideration of the type of larva that underwent neoteny in the 
surface layers, save that reasons have been given for rejecting the Ascidiacean tad- 
pole larva. 

In the next section, the evidence that exists as to the adult forms (whose larva 
has been discussed) will be considered. 


THE UROCHORDA AS CHORDATE ANCESTORS 


Berrill’s view of the Ascidiacea as vertebrate and Acraniate ancestors can be 
discounted upon consideration of the peculiarities of the tadpole larva, and from the 
arguments that Whitear adduces. 

Whitear’s own view, that it was the larvae of an early Urochordate which gave rise 
to the vertebrate line, before the origin of the Ascidiacea as a group, has much to 


XLIV | THE ORIGIN OF THE CHORDATES 259 


commend it. There are however, some serious objections which may be put forward 
(as there are to any view of chordate origins), and these hinge upon two points. The 
first, is the nature of the early Urochordate larva. 

If it is supposed that the tadpole larva of the Ascidiacea is not an invention of 
that group, but is in fact a reduced version of an earlier Urochordate larva, then it 
is possible to imagine that the early Urochordate larva could have been of the second 
physiological type (discussed in the previous section), and could therefore, by reason 
of its developmental physiology, have been selected for life in the surface layer, and 
eventually have given rise to the chordate line. This larva would have been some- 
what similar to that of the present day acraniates, i.e. fairly large in size, with a simple 
pharyngeal arrangement, feeding as a larva, and with a long larval life. Whitear 
supposes that it possessed coelomoducts, but does not suggest exactly what the 
conditions of the coelom may have been. ' 

The objection to this view is simply that if the assumption is made that the larva 
is an Urochordate invention, and that this larva when it first arose was of the second 
type, then this view is perhaps the simplest to take—but these assumptions are not 
likely to be correct. Firstly, considering the adult of the early Urochorda, it is prob- 
ably correct to follow Whitear, and consider a form much like a small modern Ciona, 
with a simple pharyngeal arrangement, with a coelom, and with little test. Such an 
animal would almost certainly be absolutely sessile. There does not seem to be any 
obvious reason why the arguments for larval selection for site-selection should not 
apply also to the larval form of this small simple pre-ascidian. It is true that com- 
petition for sites may have been less intense in the Pre-Cambrian (or whenever one 
may wish such an animal to have lived), but this is not the primary reason why the 
larva selects the site with such care ; unless the larva settles in a place suitable for 
the adult’s feeding method, (i.e. upon a firm substrate, where there is a sufficient, but 
not too great water current, and where there is a reasonable concentration of food 
particles in the water), the adult will not be able to survive and grow. From the origin 
of the Urochorda as a group then, it seems that selection of the larva for short-range 
site selection has taken place, the pressure of selection being much what it is for a 
modern tadpole larva. 

It is of course, simply a matter of opinion what the condition of the pre-ascidian 
larva may have been. But if it is assumed to be an Urochordate invention, then if 
the argument above is agreed, it is difficult to see why it should have been very 
different, from its origin, from the modern type of Ascidiacean larva. Even if it was 
a much larger version of the present larva, then the same argument applied, and it 
would have been in the condition of being selected towards the modern type and 
unsuitable, therefore, as a chordate ancestor. 

Secondly, there is the question of the origin of this larva. Is it in fact reasonable 
to suppose that it is an Urochordate invention ? If this assumption is made, then, as 
has been suggested above, it it difficult to see (from the function that it fulfils in the 
group) in what way it could have become neotenous and given rise via the second type 
of larva to the chordate line. If on the other hand, it is supposed to have been in- 
herited from an ancestral group to the Urochordates, as Carter suggests, this difficulty 
is avoided, for we may derive the chordate line from that group rather than from 
the Urochorda at any stage in their evolution. 

This view implies that the characters that the tadpole larva shares with the chor- 
dates are the result of the common inheritance of these features (notochord, tail 
muscles, dorsal nerve tube etc.) from a group which possessed larvae with these 
features ; giving rise independently to the chordate line on the one hand, and to the 
Urochordates on the other. The features which the Urochordate retained in its larva, 
are those which adapt the larva to its function of site selection for a completely sessile 
adult. 

It is precisely these features which still indicate the relationship of the Urochorda 
to the chordates, and which still result in the fate map of the Ascidiacean egg being 
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almost exactly equivalent (allowing for the smaller cell number) to that of amphioxus 
and the vertebrate (Conklin, (1905) ; (1932)). That is to say, the Urochordate inherits 
a larva of the second physiological type, with notochord, myotomes, a dorsal nerve 
cord operating this system, and a sensory system (which it specializes with sense organs 
useful in site selection) at the front end of the nerve cord—these features of the an- 
cestral larva are useful in the new role of the larva whose adult had become completely 
sessile, and are thus retained even today in the modern Ascidiacea. It is not surprizing 
that the Ascidiacean fate map should be so similar to that of the chordates, because 
its basic features are those which the tadpole has inherited from the common ancestor 
with the vertebrates, even though the tadpole larva puts these features to a rather 
different use. : . 

The argument may be stated briefly thus. If the tadpole is an Urochordate in- 
vention, then it is not easy to see in what way it ever became much larger and longer 
lived than the modern Ascidiacean tadpole larva, and thus suitable for the neotenous 
transformation leading to the chordate line. If the larva is inherited from another 
group, then it still retains its basic ‘ chordate-like ’ character, for it is precisely this 
character which enables it to carry out its function as a larva; and it becomes 
possible to derive the chordate line from animals which were not absolutely sessile, 
and were thus able to specialize their larvae for life in the surface layers. 

We may now consider these adult animals which we assume to have given rise 
to the chordates on the one hand, and the Urochorda on the other. They possessed 
a tadpole-like larva, rather larger and less simplified than the present-day tadpole 
larva, and not specialized for short range site selection. It seems most probably that 
they were not absolutely sessile, for had they been, they would have been obliged to 
specialize their larva for site-selection, and, moreover, as Carter pointed out, the 
bilateral symmetry of the chordate line does not suggest a sessile stage in their 
ancestry. 

Thus far, we have reached a position similar to that adopted by Carter, in assum- 
ing that the tadpole larva was inherited from an earlier group by the Urochorda, and 
that this earlier group was not a sessile one. We cannot follow Carter further. He 
assumed that these ancestral adult animals were free-swimming and were similar to 
their larvae (though larger and more complex). Since he supposed the adult to be 
similar to the tadpole larva (hence, to the chordate) he did not need to assume that 
neoteny had taken place, and suggested that the gradual modification of this proto- 
chordate adult led directly to the chordate line. 

This view is attractive in its simplicity, but it seems necessary to reject it for 
several rather different reasons. Firstly, we may reasonably ask why it should be 
supposed that the protochordate adult should have been free-swimming ? Carter 
suggested that the possession of an atrium by this form was an adaptation strength- 
ening the body wall weakened by the gill slits, but in the life history of amphioxus 
the atrium appears only upon metamorphosis and the adoption of life in the sand. 
It is difficult to see why a free-swimming adult should have possessed a free-swimming 
tadpole larva, for, as Carter himself admits, development is likely to have been direct 
primitively. A free-swimming adult animal does not require a free-swimming larva 
for its distribution ; the pelagic Thaliacea have abandoned the larval stage although 
signs of it still persist in ontogeny. It seems more reasonable to infer that the ancestral 
adult protochordate animal was semi-sessile, and required a free-swimming larval 
phase for its distribution. 

Secondly, there are signs that neoteny does take place in the lower chordate 
groups, and it is not unreasonable to suppose that it may have taken place in the 
origin of the group. In both Acrania (the amphioxides larva), and Agnatha (the 
ammocoete larvae described by Zanandrea, 1957) larvae are known where the gonads 
are well developed. It is not known whether in either group, forms exist where the 
gonads have matured in the larval phase, resulting in the production of a new type 
by neoteny. . 
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Lastly, it is difficult upon Carter’s view, to explain the position of the Hemichorda. 
The affinities of this group with the echinoderms on the one hand, and the Acrania 
and chordates on the other, are certainly remarkable, they have always been a stumb- 
ling block to theories of the ascidian-origin type, and appear equally difficult of ex- 
planation upon Carter’s scheme. These affinities will be discussed in the next section. 

It is most probable that the adult protochordate form which gave rise to the Uro- 
chorda and the chordates, was a semi-sessile animal with a tadpole-like larva as the 
distributory phase in its life history ; and that the Urochorda are to be derived from 
this form by the modification of the adult as a result of the adoption of a completely 
sessile habit ; the chordates by the gradual neoteny of the tadpole larva. Carter's 
view that the protochordate adult was free swimming, and that gradual modification 
without a neotenous transformation led to the chordates, has, in my opinion, less to 
recommend it. 


THEr HEMICHORDA AS CHORDATE ANCESTORS 


The homologies of the tri-partite coeloms of the echinoderms ; hemichordates ; 
acraniates ; and chordates are perhaps the most certain that have been found in 
the whole of this field of speculation. 

They open to the exterior by the premandibular pores, (in the chordate the pre- 
mandibular coelom opens via the hypophyseal duct, de Beer, 1955), equivalent in 
each group. The enteropneusts possess a dorsal pulsating vesicle (the glomerulus) 
which is in origin and mode of action directly comparable with that in echinoderms, 
and with the dorsal anterior glomerulus of the acraniates. 

Lastly, the pharyngeal arrangements of the enteropneusts are closely comparable 
with those of the Acrania on the one hand, and the Ascidiacea on the other (Knight- 
Jones, 1953) ; not only in the non-adaptive asymmetry of the ciliary apparatus, and 
in the mode of control of this apparatus (see also Bone, 1958 a) but also in the pos- 
session of a prae-oral ciliary organ, equivalent to the wheel organ of amphioxus and the 
ciliary organ of the Urochordates. 

It is not possible to dismiss these features of the Hemichordates as the result of 
convergence (although this explanation may be true of the gill bars and their mode 
of synapticulation, and even of the dorsal tubular nerve cord; other ‘ chordate ’ 
features possessed by enteropneusts) : it is necessary to consider in what way these 
animals have come to share these features with the other groups discussed. 

The chief difficulty in supposing that primitive Hemichordates gave rise to the 
chordate line, and independently, to the Urochorda, lies in their larva, the tornaria. 
This is without a notochord, without a dorsal tubular nerve cord, and without myo- 
tome segmentation ; it much resembles the auricularia larva of the echinoderms. 

These difficulties were partially avoided by Garstang’s well-known and extremely 
ingenious theory of the notoneurula larva, first put forward in the last century 
(Garstang, 1894), and later developed in his 1926 paper (Garstang & Garstang, 1926). 
This hypothesis explained in a neat way several features of vertebrate anatomy (such 
as the arrangement of the endostyle, the neurenteric canal, and, most strikingly, the 
similarities in development of the head coeloms of the Echinoderms and the chordates). 
What it did not explain directly, was the origin of the notochord-myotome system. 
These structures were regarded as later acquisitions of the notoneurula larva, resulting 
from the pressure of selection towards a longer larval life in the surface layers. It 
seems likely on any view that the myotomes did in fact arise in this way (and not, as 
Berrill supposed, as the result of the animal trying to make headway up the river 
systems), but that the notochord did so also, is perhaps less probable. However, it 
seems reasonable to suppose that the notochord and tail muscle somites are closely 
linked in origin (as they are in ontogenetic development (Tung, Wu & Tung, 1958)) 
and are in fact, to be considered as a single functional system. It is therefore possible 
that both arose in the pelagic larva, at one time, as an adaptation for increasing the 


JOURN, LINN. SOC.—ZOOLOGY, VOL. XLIV. 138§ 


262 QUENTIN BONE: [J.L.8.Z,. 


period of larval life (the larva increasing in size, maintaining itself in the surface layer 
by active swimming). After all, on any theory, whether that of the Urochordate 
invention of the tadpole larva ; or that of the invention of this type of larva by an 
early Hemichordate, the notochord and myotomes must have arisen at some stage 
de novo, appearing in a larval type that did not previously possess one—the difficulty 
remains for either view. 

Perhaps the simplest view, is that the modern Hemichorda (following Knight- 
Jones) are much specialized and paedomorphic representatives of the early Hemi- 
chordata ; and that it was the early Hemichorda which gave rise to the tadpole- 
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Fie. 2.—Diagram illustrating the scheme of chordate origins proposed in the present account. 
Groups assumed to have arisen by total neoteny are indicated by double underlining. 


like larva with a notochord, muscle blocks in the tail, dorsal nerve cord and pharyngeal 
arrangements of the chordate type. This larva would be physiologically adapted for 
a longer and yet longer larval phase in the plankton as has been suggested above. 
From this ancestral stock of Protohemichorda, the chordates and Urochorda 
were independently derived. The specializations of the adult form of these organisms 
led to the Urochordates on the one hand (by adoption of a completely sessile habit, 
and the consequent reduction of the larval phase) ; on the other, to the chordates by 
a process of gradual neoteny, and the omission of the adult type ; lastly, to the modern 
Unie eats by the peedomer phe of the original adult form (this perhaps account- 
ing tor the re-appearance of the ancestr 
ee rae pe al larval form, and the absence of any trace 


This view of the relationships of the groups di i i is i 
dugeriteaiy nme S Pp groups discussed in this paper is illustrated 
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Almost nothing is known of the structure of the adults of the eariy Protohemi- 
chorda, apart from what may be inferred by extrapolation from living Hemichor- 
dates, but it may perhaps be relevant to consider the Pogonophora in this connexion, 
for although they are evidently peculiar, and bear no close affinities to any group now 
living, they show some characters relating them to the Hemichorda, and may 
illustrate something of the character of the early Protohemichordates. Ivanov (1955), 
who has studied this group from the most abundant material yet available, comes to 
the conclusion that they are related to the Hemichorda. He lists such points as the 
tri-partite body ; unpaired first coelom; pericardium; coelomoducts of the first 
segment ; dorsal nerve trunk ; and the development of secondary metamerism along 
the trunk. The larvae of these forms are known only from a single specimen of 
Siboglinum (which contained three larvae), recently described by Jagersten (1957)— 
they are tripartite, ciliated and similar in appearance to the larvae of Echinoderms 
and Hemichordates. There are certain peculiarities, such as the yolk-filled gut rem- 
nant, and the presence of setae, which indicate that the larvae are not to be closely 
compared with those of other living groups. 

Ivanov’s account raised some interesting points. The pericardium is absent in 
one group of Pogonophora ; the heart is developed along the ventral vessel (unlike 
the hearts of the Hemichorda, but like those of the Urochorda and vertebrates). 
The point is significant for it indicates that little weight is to be placed upon the posi- 
tion of the heart in these various groups in deciding relationships. It may be that the 
Urochordate heart is anatomically at the centre of the system simply as a response 
to the needs of the animal with its relatively inefficient reversing circulatory system. 
The accessory branchial hearts of the Acrania are obviously secondary developments, 
it is clear that any vessel can potentially become contractile and then evolve into a 
heart—the Acraniates show this condition in an interesting stage. 

Secondly, these forms have well-developed coelomoducts, which are used as 
gonoducts. No trace of these structures is found in any living Urochordate, nor in 
amphioxus (where the sexual products are released by rupture of the walls of the 
gonad sacs into the atrium). The gonoducts have an excretory function as they have 
in the Pterobranchs. This arrangement would be an ideal starting point for the 
vertebrate type of coelomic kidney ; much more suitable than that of the Urochorda. 
The absence of gill slits and notochord in the Pogonophora may be regarded as 
secondary specializations, consequent upon the loss of the gut, and the tubicolous 
habit ; coupled with the development of the extra-ordinary lophophore system and 
the highly peculiar method of feeding. 

The importance of these animals in the present connexion, is that they show 
several features which relate them to the Hemichordates, but in which they are more 
‘ chordate-like’ than that group. Perhaps the strong cuticularisation of the body 
wall argues a stage in evolution when this could either be altered to form the Uro- 
chordate test, or could be lost, as in modern Enteropneusts. If the phylum Pogono- 
phora is correctly regarded as related to the Hemichorda, then the special characters 
that the group shows certainly do not argue against the common ancestry of the Uro- 
chorda and the Hemichorda from the Protohemichorda, and the development of 
the chordate line from this stem—rather, they tend to support the derivation of these 
groups from a semi-sessile Protohemichordate which had not specialized its feeding 
mechanism to the lophophore type, had not developed a tubicolous habit, and pos- 
sessed a tadpole larva. 


THE RELATIONSHIPS OF THE ACRANIA 


Finally, on the scheme put forward in the present paper, what are the relation- 
ships of the Acrania ? The striking similarities in development between amphioxus 
and the Ascidiacea, well-known from Conklin’s classical researches, have hitherto 
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been interpreted to mean that the Acrania have been derived relatively recently from 
the Ascidiacea (e.g. Medawar, 1951). 

On the view developed above, they are to be interpreted as the result of common 
inheritance from the Protochordate ancestor ; in each group, the ‘ chordate ’ charac- 
ters of the larva have been retained, for they have been functionally useful in rather 
different ways, so that the features of the two fate maps in which striking similarities 
are seen are just those features which both groups require in their larvae. It is worth 
emphasizing that in the Acrania, the classical amphioxus type of development, that 
is given in all texts (from the detailed account by Willey (1891)), is not necessarily 
typical of the group; it seems probable that the slower “amphioxides’ type of 
development is typical for the Acrania (Fuller, 1957), and that amphioxus itself 
(Branchiostoma lanceolatus) shows Acraniate development in a much compressed and 
altered form. The typical development for the group shown by the amphioxides 
larvae, is rather similar to that postulated for the larva which gradually paedomor- 
phosed to the chordate line; as we have seen, amphioxides larvae are apparently 
recapitulating the evolutionary history of the chordates at the present time ! 

What seems clear about the Acrania, is that they represent the early paedomor- 
phosed chordate type of animal, produced from a semi-sessile stock by gradual neoteny ; 
and that they have lost their claim to chordate ancestry by the secondary adoption 
of a sessile habit. It is suggestive that the short-lived amphioxus type of larva is 
produced (apparently secondarily) by a semi-sessile adult form ; and that the Asym- 
metrontids (which are less definitely sessile, adults being found at times in plankton 
hauls, Bigelow and Farfante, 1948), produce amphioxides larvae of the longer-living 
type. Possibly, therefore, amphioxus is more specialized than are other acraniates, 
and is gradually becoming more and more definitely sessile, selection upon the larva 
tending in exactly the same direction as that upon the tadpole larva of the Ascidiacea, 
towards reduction and compression of the larval phase. 

In the view outline above, the Acrania are free-swimming neotenously produced 
adult forms, which have secondarily adopted a sessile habit, and thus re-acquired a 
metamorphosis (which is the least drastic of any in all the groups that we have 
considered). 

Attempts to link the metamorphosis of Acraniates with that of Ascidiaceans 
(thus explaining the asymmetry of the amphioxus larva) deserve consideration, but 
an equally probable case can be made out for regarding this asymmetry as adaptive, 
and secondary, related to the peculiar method of feeding of the larva, (Bone, 1958 5), 
In any case, the total absence of asymmetry in the development of the chordate 
pharynx argues that the asymmetry of the Acraniates is a secondary phenomenon 
and that the original larval form from which the chordates were derived was sym- 
metrical in its pharyngeal arrangements. 


This paper is entirely speculative, in the absence of fossil evidence, and the extreme 
unlikelihood that we shall ever possess such evidence, different theories of chordate 
origins can co-exist ; that which is held will be largely a matter of personal preference. 

The view advanced in the present paper is suggested as an alternative to the more 
recently publicized ascidian-origin theories; it is desirable that if two plausible 
alternatives exist, both be stated. 


ACKNOWLEDGMENTS 


I am indebted to Mr. H. K. Pusey and Dr. Mary Whitear for helpful discussion of 
several of the points in this paper ; which was written during the tenure of a prize 
fellowship in Zoology at Magdalen College, Oxford. 


XLIV | THE ORIGIN OF THE CHORDATES 265 


LITERATURE CITED 


DE Brrr, G. R. 1955. The continuity between the cavities of the Premandibular somites and of 
Rathke’s pocket in Torpedo. Quart. J. micr. Sci., 96 : 279-283. 

Berritt, N. J. 1955. The Origin of the Vertebrates. Clarendon Press, Oxford. 

Bicrtow, H. B. & Farrante, L. P. 1948. Fishes of the Western North Atlantic, Mem. Hh iene, Vr, 
Sears Foundations Mar. Res. 

Bone, Q. 1957. The problem of the ‘ amphioxides’ larva. Nature, Lond., 180: 1462-1464. 

seen Nervous control of cilia in amphioxus (Branchiostoma). Nature, Lond., 181: 

1958 6b. The asymmetry of the larval amphioxus. Proc. Zool. Soc. Lond., 180: 289-293. 

CaruisLE, D. B. 1951. On the hormonal and neutral control of the release of gametes in Ascidians. 
J. exp. Biol., 28: 463-472. 

Carter, G. 8. 1957. Chordate Phylogeny (review of ‘ The Origin of Vertebrates ’ by N. J. Berrill). 
Syst. Zool., 6: 187-192. 

oo. a ire Organization and cell lineage in the Ascidian egg. J. Acad. nat. Sc. Phila., 

1932. The embryology of Amphioxus. J. Morphol., 54: 69-151. 

Fuuuer, A. 8. 1957. Personal communication. 

ee ea sa be Preliminary note on a new theory of the phylogeny of the Chordata. Zool. 

N2., Gils 

— 1928. The morphology of the Tunicata, and its bearings on the phylogeny of the Chor- 
data. Quart. J. mcr. Sci., 72: 51-187. 

Garstanec, 8. L. & Garstanec, W. 1926. On the development of Botrylloides and the ancestry of 
vertebrates (preliminary note). Proc. Leeds. phil. lit. Soc., 1: 81-86. 

Gotpscumipt, R. 1905. Amphioxides. Wiss. Hrgebn. Deutsche Tiefsee Huped. (‘ Valdivia’), 12: 
1-92. 

Gurney, R. 1942. Larvae of Decapod Crustacea. Ray Soc. Lond. 

Ivanov, A. 1955. The pogonophora as a new phylum. Dokl. Akad. Nauk. S.S.S.R., 100: 3, 595 
(in Russian). 

JAGERSTEN, G. 1957. On the larva of Siboglinum. Zool. Bidr. Uppsala, 32: 67—79. 

Knicut-Jonss, E. W. 1953. Feeding in Saccoglossus (Enteropneusta). Proc. zool. Soc. Lond., 
123 : 637-54. 

Loumann, N. H. 1922. Oesia disjuncta Walcott, eme Appendicularie aus dem Cambrium. Mztt. 
zool. St. inst. Hamb., 88: 69-75. 

Merpawar, P. B. 1951. Asymmetry of larval Amphioxus. Nature, Lond., 167 : 852-853. 
Tune, T. C., Wu, 8S. C. & Tune, Y. E. Y. 1958. The development of isolated blastomeres of 
amphioxus. Aciae biol. exp. Sinica, 6, no. 1. (In Chinese, with English summary.) 
Wuirrar, M. 1957. Some remarks on the Ascidian affinities of vertebrates. Ann. Mag. nat. Hist., 

(12), 10: 338-347. 

1958. Personal communication. 

Witson, D. P. 1955. The role of micro-organisms in the settlement of Ophelia bicornis Savigny. 
J. mar. biol. Ass. U.K., 84: 531-548. 

Witter, A. S. 1891. The later larval development of amphioxus. Quart. J. micr. Sct., 82: 183- 
235. 

ZANANDREA, G. 1957. Neoteny in a lamprey. Nature, Lond., 179: 925-926. 


DISCUSSION 


A discussion followed the reading of Mr Quentin Bone’s paper which it has been 
thought desirable to publish along with it rather than separately in the Proceedings 
of the Society. 


Dr G. S. Carter, F.L.S. said :— 


I have listened with great interest to Mr Bone’s discussion, none the less for my 
inability to agree with a good many of his conclusions. I am grateful for the 
opportunity of stating my position. 

First, I should like to make clear what I think about the general question of 
neotenic or paedogenetic evolution, for I do not think that Mr Bone appreciates my 
position fully. That neoteny occurs in chordates and other animals is, of course, not 
disputed—the axolotl is a clear enough example. But that does not establish that 
neotenic evolution, by which I mean loss of the original adult and a new evolutionary 
line from its neotenic young, has a real place in the evolution of animals. It seems to 
me important to keep these two conceptions distinct; that we accept the first is 
by itself no reason why we should accept the second. 
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When we consider the reality of neotenic evolution, I think it important to insist 
that new interpretations should not be postulated unless we are quite sure that the 
facts are not covered by the processes that we already accept—entia non sunt 
multiplicanda praeter necessitatatem—and I emphasise necessitatem. I believe that all 
the cases that have been put forward as examples of neotenic evolution, with perhaps 
a very few exceptions, can be covered by the classical and generally accepted processes 
of evolution. If so, there is no reason to postulate neotenic evolution for them. 

To my mind it is in any case not enough in proof of neotenic evolution to show 
that the adult of one group has characters which are confined to larval stages in 
another group. Both groups may have evolved from a common ancestor that had 
these characters in the adult, and they may have been lost in the later evolution of 
the group that no longer has them. The adult of the group having them may then 
have been evolved by direct, and not neotenic, evolution from the common ancestor 
adult into adult and young into young. I think that we should only postulate an 
origin by neotenic evolution when the adult of the group believed to have been so 
evolved has characters that can only have been larval in the common ancestor. And 
by no means always even then. Take, for instance, the perennibranchiate Amphibia, 
which are often quoted as one of the clearest examples of neotenic evolution. The 
argument runs as follows. Their external gills are organs that can only be in place 
in aquatic animals, and yet we are told that these amphibians are descended from 
terrestrial ancestors. If so, the gills must have been organs of the larvae of these 
ancestors, and so the perennibranchiates must have evolved by neotenic evolution. 
But we know that movement up and down the life-history of the stages at which 
organs develop occurs commonly in evolution, by heterochrony. Surely, the 
presence of external gills in the modern adults may have been due to retardation by 
heterochrony, and this may also have been true of others of their organs that show 
adaptation to their aquatic habit. It seems to me more likely that it was. 

Evolutionary neoteny is a possible mode of evolution, but it is very difficult to 
prove that it took place in any particular instance, though perhaps this can be most 
nearly done for the Larvacea. If it did occur there or elsewhere in the ancestry of 
the chordates, I should agree that its origin is more likely to have been gradual than 
sudden, though even here there may be some reason for doubt ; fer it seems to me 
that a sudden mutation making the animal bearing it sterile with the surrounding 
population can survive provided it is recessive and provided that the inbreeding is 
close. Whether these conditions could hold in the phylogeny we are discussing I 
cannot say. 

To pass from these generalities to the special case of chordate evolution. I want 
to keep my discussion general so far as that is possible, for I think that in questions of 
high phylogeny such as these there are so many opportunities for mistake if we give 
weight to details that the discussion is doubtfully worth-while. 

J think that most of the differences between Mr Bone’s interpretation and mine 
derive from our different conceptions of what the general course of the evolution is 
likely to have been like. I have accepted the modern view that in progressive 
groups evolution normally takes the form of a series of radiations of animal types 
when they become successful, and between each pair of radiations the evolution of a 
new type in one of the radiating lines. I have regarded the Urochordata, Acrania 
and Vertebrata as originating by such a radiation from a common ancestral group, 
and to have differentiated later in adaptation to their very different habits of life. 
On the analogy of better-known radiations we must regard the separation of the groups 
to have been simultaneous rather than successive, and the adaptational characters of 
the groups (especially those of metamorphosis) must therefore be irrelevant to 
discussion of the nature of the common ancestor. I have regarded the Hemichordata 
as an earlier offshoot of the chordate line of descent, as shown most clearly by the 
absence in them of a dorsal post-anal tail, which seems to me an important character 
associated as it is with the overgrowth of the dorsal blastopore lip. If we must 
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accept that the ancestors of the Hemichordata had a tadpole-like larva that would 
only push that type of development further back in the phylogenetic tree. I see no 
reason why they should not have had both a tornaria and a tadpole-like larva at 
successive stages of their development. The Pogonophora and the graptolites may 
have been other groups derived from the chordate stock at a very early stage, possibly 
in the same radiation as the Hemichordata. I therefore agree with Mr Bone’s 
ae tree except that I place the origin of the Hemichordata earlier than he 
oes. 

We have no evidence of what the common ancestor of the Uro and Euchordates 
was like, but it was a primitive animal and it has seemed to me natural to suppose that 
its development would have been direct, since direct development is certainly 
primitive and I know no reason to suggest anything else. It would then have had no 
metamorphosis and therefore no larval stage, if by a larva we mean a developing 
animal adapted to a life different from that of the adult and possessing organs later 
lost or modified at metamorphosis. This adult would have the type of organisation 
we know in the larvae of the groups evolved from it, the tadpole-like larvae. It 
would be larger and more elaborately organised but not fundamentally different in 
its organisation. This I have thought to be the best we can do in trying to picture 
what the adult of the common ancestor was like. If this interpretation is right, there 
is no reason to ask for neotenic evolution at this stage of chordate evolution. All 
the groups derived from this ancestor would be evolved directly from the adult. 

Lastly, I should like to say why the objections raised by Mr Bone to my interpreta- 
tion do not seem to me conclusive. First, it is hardly unreasonable to suggest that a 
free-swimming adult should have free-swimming early stages in its development. 
Copepods, many fish, whales and planktonic protozoa—to name only a few of the 
major groups of free-living marine animals—are all free-living for the whole of their 
life-histories. Secondly, the atrium is certainly formed in Amphioxus at about the 
stage of metamorphosis, but that does not prove that it was evolved in adaptation 
to the conditions of metamorphosis; change of function in evolution is a very 
general phenomenon. I suggest that it was evolved in the common ancestor at the 
stage of development when it was needed to strengthen the pharyngeal region of the 
body as the animal grew and its size increased. This stage may well have been that 
which evolved later into the stage of metamorphosis in Amphiorus. Thirdly, 
neoteny undoubtedly occurs in chordates, but, as I have said earlier, this is not 
evidence for the occurrence of neotenic evolution in them. Lastly, I think that 
my scheme accounts plausibly for the relationships of the Hemichordata. 

I agree that it is unlikely that we shall ever reach general agreement on these 
questions of high phylogeny. But I do not think that that means that they have lost 
their interest. It is good to have the opinions of zoologists concerning them 
reconsidered from time to time in the light of increasing knowledge, however various 
the conclusions may be. 


Dr Mary Whitear said :— 

My remark on a ‘sudden step’ in the origin of the vertebrates, which Mr Bone 
referred to, concerned a change in the length of the notochord, which is a necessary 
part of a transformation from Urochordate to Vertebrate. 

While I agree with Mr Bone on the distinction between first and second types 
larvae, there is no objection to my early Urochordate larva being of second type and. 
feeding. As the trend in modern Ascidians is towards an abbreviation of larval life, 
one might expect the larvae of ancestral forms to spend longer in the plankton. 

Mr Bone’s ‘family tree’ of Chordates is not so very unlike mine; the main 
difference is that he has written ‘ Protohemichorda ’ where I would write ‘ early 
Urochordate ’. My objection to his version is that the vertebrate ancestors must have 
had a notochord, and, if the Protohemichordates had a tadpole larva, why is there no 
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notochord in any surviving Hemichordate? I should put the Hemichordates where 
Dr Carter puts them, lower down. 

My only comment on Dr Carter’s remarks is that neoteny 1s such a useful 
concept, as a means of escaping from specialization, that it would be a waste not to 
use it. Garstang’s idea of a neotenous tadpole larva (not his “ Notoneurula ’) seems 
to me the most economical view. 


Dr P. H. Whiting said :— 

Dr Bone has not mentioned the recent note by Wickstead and himself. It seems 
relevant to his argument and some of his audience may not have seen it. It is in 
12th December number of Nature, 1959, and is headed Ecology of Acraniate larvae. 

I do not think an attempt to elucidate the relationships of the chordate animals 
should be termed ‘ unimportant’. In research of any sort it is not possible to say 
beforehand what will be discovered or established that is at present unknown, still 
less that what will be learned will finally prove ‘important’ or ‘ unimportant ’. 

As to the lineage of Amphioxus, I prefer to keep an open mind in spite of the 
considerations Dr Bone has put forward. But in some respects I think he has hardly 
done justice to the weight of the evidence given by Professor Berrill. 

In particular Dr Bone has not mentioned the experiments of Grave and others, 
quoted by Berrill, in which a change in the environment of the ascidian tadpole— 
alteration in pH, or in copper or iodine content—were found to produce marked 
changes in the rate of metamorphosis and on the form of the animal. Such effects 
might occur naturally and might have great importance in producing great changes 
in the life-history. 

Also I think Dr Bone has not considered the possibility of there being two larval 
stages developed in the life-history of a ‘ Tunicate’ line giving rise to the Cephalo- 
chordates. Two contrasting larval stages are not after all so uncommon—for 
example, the proammocoete and the ammocoete larval stages of the lampreys. 

Thirdly, the similarity between the ascidian tadpole and the young Amphioxus 
and young vertebrate is greater in some ways than has been stated by Berrill. The 
swimming muscle in the tail of the ascidian tadople is usually described as 
lying against the sides of the notochord and being unsegmented. But the embryo 
dogfish has myofibrils, not conforming to a segmental pattern, at the sides of the 
notochord in a long slender ‘ precocious band’ which was first noticed by F. M. 
Balfour. There is also a band of endoderm running below the notochord in the 
ascidian tadpole in the position of the Amphioxus and vertebrate alimentary canal. 
This is described but not figured by Berrill. 

On a small and separate point, I believe Dr Bone placed some weight on an open- 
ing to the exterior of the coelom of the premandibular pair of somites. I thought 
recent work [Wedin, B. 1952. Kon. Ned. Akad. Proc., 55, C.: 416] had cast some 
doubt on the reality of such a connection. 


Professor E. J. W. Barrington, F.L.S. said :— 

I should like to throw the endostyle into the arena! I know that this is only a 
single element in the situation, but it is one which must find a place in any complete 
picture of vertebrate origins, and it is important because our interpretation of it will 
affect our ideas on the origin of the thyroid gland. It is very well known that this 
organ is already present in lampreys, and that it develops from the endostyle at the 
metamorphosis of the ammocoete larva. We now know that the larval endostyle is 
capable of binding iodine organically, and that it synthesises thyroxine and probably 
also triiodothyronine, and we also know that it is not, as one might expect, the 
glandular tracts which do this but actually the simple epithelium which forms the 
wall of the endostylar chamber. Now the endostyles of Amphioxus and Ciona can 
also bind iodine, and we know that thyroxine is certainly synthesised in Oiona as a 
result of this, and that it is probably formed also in Amphioxus. Moreover, the 
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whole situation is remarkably like that found in the ammocoete, for in both genera 
there are specialised iodine-binding cells in the epithelium above the glandular tracts 
and it is doubtful whether the latter are involved at all. I should find it very difficult 
to accept that these very close similarities could have arisen independently, and I 
should prefer to believe that there must have been a common ancestor in which an 
iodine-binding endostyle was already present. The Hemichordata can hardly be 
said to fill this place, and in this respect, therefore, I find myself more in agreement 
with the views of Carter. Certainly at this stage I should be most unwilling to 
remove the Tunicata from the main line of vertebrate evolution. 


Dr L. B. Tarlo said :— 

In any discussion of the origin of the vertebrates it is necessary to consider the 
fossil evidence, as I have recently done in a paper now in press (Proc. Int. Pal. Union, 
Int. Geol. Congr. Copenhagen, 1960). Most of the fossils which have previously been 
considered relevant can now be dismissed. The supposed appendicularian tunicate 
Oesia from the Middle Cambrian is in fact an annelid, and Jamoytius from the 
Silurian which was considered a naked form has, on further development, been shown 
to possess scales ornamented like those of the Anaspid ostracoderms. 

The only unequivocal fossil evidence of prevertebrate chordates comes from the 
Tremadoc (lowest Ordovician). Kozlowski (Palaeontologia Polonica Vol. 3, 1949) 
described a varied fauna of sessile benthonic graptolites, pterobranchs, acanthastids 
and many other groups, and at the same time he firmly established their hemi- 
chordate affinities. It is thus clear that early in the palaeozoic era the hemichordates 
were undergoing a considerable evolutionary radiation. Garstang (1928) demon- 
strated the potentialities of larval evolution, thus enabling us to consider sessile 
benthonic animals as likely ancestral adults which could have produced ‘ tadpole 
larvae ’ and hence the vertebrates. 

Mr Bone derives the first vertebrates from a ’ proto-hemichordate ’, whilst Dr 
Mary Whitear derives them from a ‘ proto-ascidian ’, but as she has stated (1957) if 
one extrapolates the ascidian line backwards one arrives at an animal very like a 
pterobranch hemichordate. In my opinion there is at this stage no essential 
difference between a ‘ proto-hemichordate ’ and a ‘ proto-ascidian ’—it is merely a 
question of terminology. Whatever term is used one can expect the vertebrates to 
have emerged out of such a host of evolving forms as Kozlowski described, rather than 
from any isolated genus. 


The President, summing up the discussion, thanked Mr Bone for his stimulating 
paper and also the members and others who had contributed to the discussion. 
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ON JULLIENELLA AND SCHIZAMMINA, TWO GENERA OF 
ARENACEOUS FORAMINIFERA FROM THE TROPICAL ATLANTIC, 
WITH A DESCRIPTION OF A NEW SPECIES 


By Joun B. BucHanan 


Dove Marine Laboratory, Cullercoats 
(With Plate 1 and 5 text-figures) 


(Communicated by H. R. Hewer) 


In the course of a recent survey of the bottom fauna off the coast of Ghana (Buchanan, 
1958), considerable quantities of large arenaceous foraminifera were obtained. In 
certain areas these organisms occurred in large numbers and owing to their very large 
dimensions formed a strikingly conspicuous and important constituent of the bottom 
fauna, in some cases dominating the bottom community. 

Examination of this material has shown that there are four species involving 
two poorly known genera. Three of the species of which one is described as new 
belong to the genus Schizammina Heron-Allen & Earland and the fourth to the 
monotypical genus Jullienella Schlumberger. Although three of the species have 
already been described, they had until the present material become available, only 
been recorded from the single localities from which they were originally described. 
Jullenella has since been recorded from Sierra Leone by Longhurst (1958). The 
survey of the benthic fauna off Ghana has produced a considerable amount of data 
on their quantitative distribution with regard to temperature and the nature of 
the bottom sediment. A sufficient quantity of these organisms was obtained not 
only to allow a detailed examination of the internal structure, but also to enable 
an analysis to be made of the material making up the arenaceous tests in an effort 
to relate this with the nature of the sediment on which they occur. 


Systematic List AND DISTRIBUTION 


Genus SCHIZAMMINA Heron-Allen & Earland, 1929 
Schizammina labyrinthica Heron-Allen & Earland, 1929 


Pl. 1, figs 3a, b. Fig. la 
1929 Schizammina labyrinthica H.-A. & E., J.R. micr. Soc., 49; 104; Pl. 1, figs 8-5; Pl. 2, 
figs 6-8; Pl. 3, fig. 14. 
gen oe ane labyrinthica H.-A. & E., Buchanan, Proc. zool. Soc. Lond., 130; 26 
ley Leas 
Locality :—50-100 m. due south of Accra, Ghana. ; 


Previous record :—Discovery Station 279. 58-76 m. off Cap Lopez. (H-A. & E., 
1929.) (Gabon.) 


Schizammina furcata Heron-Allen & Earland, 1929 
Pl. 1, figs 2a, b, c. Fig. 1b 
ee Eee omnpitie fureata H.-A. & E., J.R. micr. Soc., 49; 106; Pl. 2, figs 9-13; Pl. 3, 
gs 15-16. 


ey a ene furcata H.-A. & E., Buchanan, Proc. zool. Soc. Lond., 130; 26; Pl. 1, 
mos 


Locality :—50-100 m. due south of Accra, Ghana. 
Previous record :—Discovery Station 279. (H-A. & E., 1929.) 
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Schizammina arborescens sp. nov. 


Pl. 1, figs 4a, 6, c. Fig. le 
1958 Schizammina sp. Buchanan, Proc. zool. Soc. Lond., 103; 26; Pl. 1, fig. 5. 


_ The test is a free rigid unseptate tube of firmly cemented sand grains, and is 
circular or slightly flattened in cross-section. It is much branched in an irregular 
dichotomy and apparently without any special structure for fixation. The branch- 
ing is not confined to a single plane and individuals present a tree-like appearance 
with the ultimate branches tapering towards their distal extremities. Branching 
originates from one end of a short primordial unbranched tube which varies greatly 
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Fie. 1.—Diagrammatic longitudinal sections, a, b and c, and transverse sections a’, b’ and c’ of 
a. S. labyrinthica, b. S. furcata, c. S. arborescens sp. nov. 


in length among the specimens examined but is generally of the order of 2-4 mm. 
The colour varies from yellow-brown to dark rust-brown depending on the amount 
of cement in the outside layer of the test which has a smooth finished but 
dull appearance. The extremities of the branches are light yellow where there are 
caps of loosely bound sand grains. The internal structure is typical of the genus 
and shows a broad, well-defined, continuous tube opening freely into the branches. 
The wall of this internal tube is pierced by a large number of oscules which open into 
canals penetrating the wall of the test. The canals ramify to a slight extent in the 
test wall (Fig. 1c), become narrower, but stop short of the outside layer. 


Dimensions 


A large specimen would occupy a circle 3 cm. in diameter. 
Max. diam. of test, 1-6 mm. 
Thickness of test wall, 0:3-0-4 mm. 
Diam. of internal canal, 0-5—0°8 mm. 
Diam. of oscules, 0-04-0-1 mm. 
Median diameter of particles making up test wall, 75 microns. 
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Type Locality 
Seven miles due south of Accra, Ghana. 40-50m. Bottom, very fine sand with 
much broken shell. Temp. 23° C. 


Other Localities 


1. Off Takoradi, Ghana, 30m. Bottom, very fine silty sand. 

2. Off Lagos, Nigeria. Depth unknown. Material provided by Prof. Webb, 
University College, Ibadan. The material is very fragmented, but appears to belong 
to this species. 


Type Material 
The holotype and syntypic series have been lodged in the British Museum 
(Nat. Hist.). 
Reg. No. :—Holotype—1959.4.13.1. 
Series—1959.4.13.2. 


TABLE | 
Width of Diam. of External | Median diam. 
canal test wall oscules diam. of test| of particles 
(mm.) (mm.) (mm.) (mm.) (Microns) 
S.labyrinthica ....... 0-4-0-7 0-7-0-9 0-05-0-2 1-8-2-5 125 
S. arborescens ........ 0-5-0-8 0:3-0-4 | 0-04-0-1 1-1-1-6 75 
So furedia oo .. Nee 0:4-0:8 | 0-16-0-18| 0-03-0-1 0-8-1-2 177 


The tree-like mode of branching of this species distinguishes it easily from both 
S. labyrinthica and 8. furcata which are slightly branched in one plane only. The 
outer layer of ferruginous cement gives the exterior of the test a smooth finished 
appearance, but this is dull compared to the almost glossy appearance of S. labyrin- 
thica. This finished outer layer is absent in S. furcata. The internal structure is 
very similar to both S. labyrinthica and S. furcata and the various dimensions are 
compared in Table I, and shown diagrammatically in Fig. la—c. It will be seen that 
the diameter of the internal canal varies little between the species but S. arborescens 
has a thickness of test wall and a degree of ramification and penetration of the canals 
which is intermediate between the other two species. Particle size analysis of the 
material making up the test wall has shown that this is of a much finer grade than 
either of the other species (Table I). 

Both 8S. labyrinthica and S. furcata, which are dichotomously branched in one 
plane only, appear to lie flat without attachment on the surface of the sediment, 
but the tree-like appearance of the present species suggests that it may have an 
upright growth form, since lying flat would inevitably bury the extremities of some 
branches in the sediment. Any form of erect growth would necessitate some form 
of fixation and although no specialized structure has been found, the unbranched 
primordial tube may serve this function. In the closely related Botellina pinnata 
Pearcey, the test is fixed in the bottom sediment by an inflated primordial chamber 
(Pearcey, 1908), but although large quantities of the present species were obtained 
no such structure was found. It must be admitted however that no completely 
intact specimen has been examined, and all show one or more fractures of the brittle 
test, so that the problem of fixation must remain in doubt. The present species and 
Botellina pinnata are clearly closely related and both appear to have an erect growth ; 
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both have a branched tubular arenaceous test with a well-defined central canal 
opening to chambers and canals within the test wall. In some respects S. arborescens 
appears to take up an intermediate position between B. pinnata and 8. labyrinthica. 
The possibility of erect growth and the multiplanar branching are both characters 
which relate it to the former. The internal structure, where the internal canal is 
relatively broader and the oscules and wall chambers more clearly defined than in 
B. pinnata, is in complete agreement with Schizammina both in character and 
dimensions. In this respect, Heron-Allen & Earland (1929) have expressed the 
opinion that Botellina pinnata is much more closely related to Schizammina than to 
the originally described genotype Botellina labyrinthica Brady. 


Genus JULLIENELLA Schlumberger, 1890 


Jullienella foetida Schlumberger, 1890 
Pl 1, figs la, 6. Fig. 2 


1890 Jullienella foetida Schlumberger, Mém. Soc. zool. Fr., 3; 213; Pl. 7, figs 1-6. 
1958 Jullienella foetida Schlumberger, Buchanan, Proc. zool. Soc. Lond., 130; 26; Pl. I, 
fig. 1. 


Locality :—40-50 m. due south of Accra, Ghana. 

Previous records :—1. 14 m. off the Poor River, Liberia. (Schlumberger, 1890.) 
2. 29-88 m. Sierra Leone. (Longhurst, 1958.) 

The tests consist of rigidly cemented sand grains. Individuals present a sub- 
trigonal flabelliform appearance with a broadly circular growing edge which is often 


Imm. 


Fic. 2.—Diagrammatic sections of J. foetida. a. Longitudinal section. 6. Transverse section. 


much folded and broken in outline and from which spring a number of tubes some of 
which are divided, some running parallel, contiguous, and cemented together over 
their entire length. In section (Fig. 2b) it can be seen that the test consists of two 
parallel arenaceous lamellae with a narrow space between. The internal space is 
divided into a number of intercommunicating canals by longitudinal partitions of 
cemented sand grains. These internal canals open to the exterior at the growing 
edge where the distal ends are capped with loosely bound sand grains. In some cases, 
especially in the larger individuals, the canals may open at the end of arenaceous 
tubes which are growing out from the growing edge. More rarely these tubes may 
spring from the broad plane surface of the test. If the lamellae are split longi- 
tudinally and the internal canals examined, it is seen that the walls of the canals 
are perforated by numerous round-to-oval oscular pores which penetrate the test, 
ramify slightly, but stop short of the outer layer (Fig. 2a). In the original descrip- 
tion (Schlumberger, 1890) it is stated that the oscular pores actually perforate the 
outer wall of the test. In all of the present material examined this is not so. If, 
however, the test is examined in fluid by transmitted light it is seen that the pores 
are frequently only separated from the exterior by a single transparent quartz grain 
which gives a superficial impression of complete penetration. 
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Dimensions 


A large specimen would occupy a circle 4-5 cm. in diameter. 
Total thickness of test, 0-6-0-82 mm. 
Thickness of test wall, 0-2-0:28 mm. 
Interlamellar space, 0-2-0-26 mm. 
Diam. of oscules, 0:05-0:15 mm. 
Median diameter of particles, 70 microns. 


In spite of the great superficial differences in appearance between Jullienella and 
Schizammina, the internal structures show remarkable similarities and indeed there 
is nothing in the structure of Jullienella which is not compatible with the suggestion 
that the two genera are closely related and form a well-defined natural group. The 
diagrammatic representations of the two genera in Figs 1 and 2 are arranged to 
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J. foetida 
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Fic. 3.—Distribution records of the species along the Tropical West African coast. 
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illustrate the supposed homologies. The test of Jullienella is brittle even in the fresh 
state and in fact no completely intact specimen was taken and the primordial end 
was invariably fractured and it must be assumed that this is very delicate. It does 
not seem unreasonable to postulate that the primordial growth is a short simple 
tube which in due course branches, but that unlike Schizammina the branches do 
not diverge but run parallel to the parent stem cemented to it and separated only by 
a thin arenaceous partition. By terminal growth and further lateral parallel 
branching the flabelliform appearance will be approached. There is apparently a 
tendency in some cases for branching to take place out of the horizontal plane 
resulting in the appearance of arenaceous tubes of varying length growing out of the 
plane surface of the test. At the growing edge of larger specimens there is a tendency 
for the branching to become more divergent and the edge has a broken appearance 
due to the presence of tube-like structures oval-to-circular in section, which run free 
for a portion of their length unconnected to their neighbours, Both internally and 
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Fria. la, b. Jullienella foetida. 

Fic. 2a, b, c. Schizammina furcata. 

Fra. 3a, b. Schizammina labyrinthica. 

Fia. 4a, b, c. Schizammina arborescens sp. nov. 
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externally the structure of these free-tubes is similar to that of Schizammina with a 
well-developed central canal and well-developed oscules from which pores penetrate 
the walls of the test stopping short of the outer layer. 

In geographical distribution both Schizammina and Jullienella appear to be 
endemic genera of the West African marine zoogeographical area and the present 
knowledge of their distribution is summarized in Fig. 3. Schizammina has so far 
been recorded only from the Gulf of Guinea and Jullienella between Sierra Leone 
and Ghana. All have so far been found in warm water (16—-23° C.) at shallow depths 
(14-100 m.). 

A series of specimens has been lodged in the British Museum (Nat. Hist.). 


Reg. No. 
Jullienella foetida Schlumberger. 5 . 1959.4.13.3 
Schizammina labyrinthica H-A. & E. 3 . 1959.4.13.4 
Schizammina furcata H-A.& BE. . : - 1959.4.13.5 


NOTE ON CLASSIFICATION 


In his original description of Jullienella, Schlumberger (1890) did not make any 
attempt at classification beyond pointing out a possible affinity to Astrorhiza. 
Schizammina was classified by Heron-Allen & Earland in the Sub-Fam. Rhabdam- 
mininae of the Family Astrorhizidae. Since then the genera have been variously 
classified either together or apart by various authors. From among these, Galloway 
(1933) includes the genera Jullienella, Neusina and Botellina in the second of two 
subfamilies of the Lituolidae, but classifies Schizammina in the Astrorhizidae. 
Chapman & Parr (1936) omit Jullienella on account of its possible hydroid or spongoid 
affinities but classify Schizammina and Botellina in the Sub-Fam. Botellininae of the 
Fam. Rhizamminidae. Cushman erected the Fam. Neusinidae including the five 
genera, Neusina, Botellina, Schizammina, Protobotellina and Jullienella. 

It has already been shown that there is good reason for believing that Jullienella 
and Schizammina are closely related and should be classified together. It would 
seem also that these two genera are most closely related to Botellina especially B. 
pinnata despite the fact that the latter has a swollen primordial chamber. All three 
genera have a rigid arenaceous test with the walls penetrated by chamberlets opening 
into a central space or canal by means of pores or oscules. Cushman’s Neusinidae 
is, however, unsatisfactory in that the characteristics of the family are apparently 
based on Neusina which appears to have little in common with the other genera 
included. I have not seen any specimens of Neusina but the description (Gées, 1892) 
of a network of bundles of fine ‘ chitinous’ threads incorporated with a fine layer 
of shell and sand debris, flexible when fresh, appears to bear little relationship to 
the other genera. There does appear, however, to be a good case for retaining the 
Sub-Fam. Botellminae of Chapman & Parr, but as a subfamily of the Astrorhizidae 
and to include in it the genera Boftellina, Schizammina, Jullienella, and the recently 
described Discobotellina (Collins, 1958). The affinities of Protobotellina are much 
less clear. 


EcoLtogy AND TEST CHARACTERISTICS 


In the area off Accra the species are divided into two distinct ecological groups at 
different depths and associated with two quite distinct types of deposit. The nature 
of the deposits and the other relevant physical data are treated more fully by 
Buchanan (1958). The first group consisting of J. foetida and S. arborescens are 
found from 40-50 m. on a sediment which is mainly very fine sand with a median 
diameter from 60-75 microns, silt content (<62 microns) varying between 30-60 
per cent and considerable quantities, 30-50 per cent by weight, broken shell and 
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Fie. 4.—Cumulative curves of particle size analyses of the material making up the tests of S. furcata 
and S. labyrinthica and the sediment on which they were found. 
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Fie. 5.—Cumulative curves of S. arborescens sp. nov. and J. foetida and the sediment on which 
they were found. 
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calcareous matter. The second group with S. labyrinthica and S. furcata occurs in 
water from 50-100 m. on a coarser deposit consisting largely of fine to medium sand 
with a median diameter varying from 100-250 microns and a silt content of 10-20 
per cent but generally more than 50 per cent broken shell and calcareous matter. 

Analysis of the material making up the tests of the two groups strongly suggest 
that availability of mineral grains of suitable size must play an important part in 
the distribution of the species. Acid treatment of the tests showed that calcareous 
material was not involved and the tests were made up purely from mineral grains, 
mainly quartz. In dissolving the cementing material, hot or cold treatment with 
peroxide, caustics or sodium hypochlorite solution was of no avail but the cement 
was apparently hydrolized by treatment with hot concentrated hydrochloric acid. 
Material was prepared from each of the four species in this way. At the same time 
deposit samples, from which the test samples of foraminifera were collected, were also 
prepared for analysis by removing as much as possible of the broken shell and 
calcareous material which plays no part in test building. The results of particle size 
analysis of the test material and the appropriate deposits are shown in Figs 4 and 5. 

From the analyses it appears that the entire range of particle sizes, with the 
exception of the finest silt and clay particles and particles greater than 1000 microns, 
is found in the tests. This strongly suggests that the species are largely non-selective 
in the test building over a wide range and use all sizes of mineral grains in roughly 
the same proportions as they are found in the sediments on which they live. Since 
the species are non-selective the difference in distribution of the two groups can 
almost certainly be attributed to the fact that two different types of sediment fulfil 
the test requirements of the two groups of species. Bottom sampling over the area 
of distribution has shown that each species has a fairly large tolerance to change in 
bottom characteristics but that broadly speaking Jullienella and S. arborescens are 
found on the finer grades while S. labyrinthica and S. furcata are found on the coarser. 
The presence of broken shell and fine gravel appears to play a negative part in the 
distribution provided that sufficient quantities of acceptable sand fractions are 
available. In this connection, recent work undertaken by the author on another 
arenaceous species, Astrorhiza limicola from the English coast, has shown that it is 
similarly non-selective in particle size and again this appears to be one of the most 
important aspects of its ecology. The extent to which this non-selective phenomenon 
is universal in arenaceous foraminifera is not at present known. 


ACKNOWLEDGMENTS 


I am indebted to Dr. R. H. Hedley, British Museum ,(Nat. Hist.), for his helpful 
discussion and suggestions in preparing the script, and for affording me an opportunity 
of examining specimens of Schizammina and Botellina from the museum collections. 


REFERENCES 


Bucuanan, J. B. 1958. The bottom fauna communities across the continental shelf off Accra, 
Ghana. Proc. zool. Soc. Lond., 130 (1); 1-56. 

CHapMaNn, F. & Parr, W. J. 1936. A classification of the Foraminifera. Proc. roy. Soc. Vict., 
49 (1); 139-151. 

CoLuins, pele 1958. Foraminifera. Sci. Rep. Gr. Barrier Reef Exped., 6 (6); 335-437. 

Gattoway, J. J. 1933. A Manual of Foraminifera. Bloomington, Indiana, 483 pp. ; 

Goiis, A. 1892. On a peculiar type of arenaceous Foraminifera from the American Tropical 
Pacific—Neusina agassizi. Bull. mus. comp. Zool. Harv., 23 (5), 195-197. 

Heron-Atten, E. & Eartanp, A. 1929. Some new Foraminifera from the South Atlantic I. 
J.R. micr. Soc., 49; 102-108. . 

Loneuurst, A. R. 1958. An ecological survey of the West African Marine Benthos. Fish. 
Publ; Lond., 11: 102 pp. ; 

Prarcey, F.G. 1908. On the Genus Botellina (Carpenter), with a description of a new species. 
Trans. s. afr. Phil. Soc., 17 (2) ; 185-194. : : 

ScHLUMBERGER, C. 1890. Note sur un Foraminifére nouveau de la cSte occidentale d’Afrique. 
Mem. Soc. zool. Fr., 3; 211-213. 


278 N. G. STEPHENSON : [J.L.8.Z. 
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INTRODUCTION 


Somu geckos are unique among the Lacertilia in possessing both amphicoelous 
vertebrae and persistent intercentra. From the viewpoint of vertebral structure the 
family of geckos therefore includes what have been recognized as the most primitive 
of living lizards in spite of any specialized characters they may possess. In the Triassic 
there was considerable radiation of amphicoelous ‘ definitive ’ lizards (Kuhn-Schnyder, 
1954; Underwood, 1955) and although the development of the procoelous condition 
involves little change, it appears to arise from the amphicoelous vertebral condition 
and not vice versa. The generally held view that the amphicoelous geckos preserve 
a primitive condition of the vertebral column therefore still stands, and earlier 
classification based on it seems to be fully justified. 

Boulenger (1885) placed the Section Gekkota first in his division Ascalabota of 
the Sauria, and this classification has remained a basic scheme for many years. 
Underwood’s (1954) proposals for the classification of geckos, based on his extensive 
study of the reptilian eye, emphasized ophthalmological characters. These so 
influenced him that he supposed that primitive geckos were procoelous and placed 
the procoelous families Eublepharidae and Sphaerodactylidae before the amphicoelous 
Gekkonidae in his classification of the superfamily Gekkonoidea (= Gekkota). 

Romer (1956) considers that two series, sometimes grouped as Ascalabota, contest 
for the position of the most primitive of living lizards—the Iguania and the Nyctisauria 
or Gekkota. He regards geckos as being highly specialized in some respects, but 
archaic in a number of ways, and states that ‘the usually amphicoelous condition 
of the vertebrae is currently regarded as degenerate rather than as primitive in 
nature ’. 

The acceptance of the view that amphicoely in geckos is secondary was a logical 
outcome of Underwood’s placing of geckonid genera and, if sustained, would have 
had a considerable effect on the position of the Gekkota as a whole. In considering 
the weight of palaeontological evidence which was against this, Underwood (1955) 
subsequently withdrew his initial Suggestion in favour of the more generally held view 
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that the amphicoelous geckos preserve a primitive condition of the vertebral column. 
Nevertheless he was still inclined to regard the procoelous Eublepharine Aeluroscala- 
bates as the most archaic surviving génus of geckos. 

Now the position of any group of lizards, or of members within a group, can only 
be ascertained after a careful survey of the widest range of morphological data, 
as Shute & Bellairs (1953) and McDowell & Bogert (1954) point out. Where there is 
a difference of opinion, as in this instance between eye and vertebral structure in 
geckos, one is forced to adopt some procedure like that of Camp (1923) who assigned 
comparative rank or palaeotelic value to various characters. If Underwood’s placing 
of Aeluroscalabates is justified, it is on ophthalmological in contradiction to osteological 
grounds. Underwood certainly notes that the skeleton of Aeluroscalabates requires 
examination, but such osteological characters as ‘ vertebrae procoelous, parictals 
united ’ which he uses with ophthalmological features to define the family Euble- 
pharidae cannot be regarded as primitive in his superfamily Gekkonoidea (= GekKota). 

A parallel situation arises when one is considering the morphological status of 
the New Zealand geckos within the Gekkota. The endemic New Zealand genera, 
Naultinus Gray and Hoplodactylus Fitzinger appeared to N. G. & Elsie M. Stephenson 
(1956) to be osteologically the most primitive then known members of the Gekkota. 
This contention was supported by their amphicoelous vertebrae, the completeness 
of the hyobranchial skeleton, and a wide range of cranial and postcranial characters. 
On the other hand, these New Zealand forms are the only geckos in the world known 
to be ovoviviparous. In this latter respect they are unique, but the simple type of 
placenta seen in one New Zealand genus investigated by Boyd (1942) can hardly be 
regarded as a major or fundamental specialization off-setting their osteological 
primitiveness amongst the Gekkota. Boyd states that this simple type of placenta 
in the New Zealand genus Hoplodactylus ‘ is according to expectation since viviparity 
must have been assumed after the divergence of the species’. H. Claire Weekes 
(1935) in investigating Australian lizards had previously noted that placentation 
may occur in some but not all species of the same genus. One therefore cannot equate 
type of placentation with vertebral structure in assessing the status of a particular 
group of geckos. 

The present study of the Australian geckos has therefore been undertaken with 
several possibilities in view :— 


(a) To provide a general account of the Australian genera to indicate 
the extent of structural similarities and differences in a natural group of 
Gekkonidae which was dispersed by Underwood (1954) in separate subfamilies, 
the Diplodactylinae and Gekkoninae, according to the shape of the pupil of 
the eye. 

(b) To assess the value of certain characters as a basis for Gekkonid classi- 
fication and as guides to general evolutionary trends. For example, if an 
evolutionary sequence is obtained by comparing a selected character through 
a series of genera, it is desirable to know the extent to which this can be 
paralleled by similar sequences using other characters. 


(c) McDowell & Bogert (1954) concluded that lizards of the family Pygo- 
podidae are not related to the Anguinomorpha, but represent an aberrant 
line of geckos, modified by a reduction of the limbs, but retaining many 
features of the Gekkonids. They therefore removed the Pygopodidae from the 
Anguinomorpha and transferred them to the Gekkota. Romer (1956) confirms 
this procedure by recognizing two families, the Gekkonidae and Pygopodidae, 
within his Infraorder Nyctisauria (Gekkota). Since the pygopods are confined 
to the Australian region, there has been the added desirability of carrying out 
morphological studies on the little-known Australian gekkonid genera because 
of these suggested affinities. 
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In the initial survey, a selection was made of osteological characters (a) which 
were sufficiently distinct from genus to genus, but reasonably constant at the specific 
and individual level,(b) which showed either (i) progressive trends from one Australian 
genus to another or (ii) a clear-cut distinction into one or other of two alternatives 
(e.g. number of sternal ribs meeting the sternum independently). 


MATERIAL AND METHODS 
Alizarin transparencies of the following Australian geckos were prepared :— 


Carphodactylus laevis Ginther 
Diplodactylus michaelsent Werner 
Diplodactylus tessellatus (Giimther) 
Diplodactylus vittatus Gray 
Ebenavia horni Lucas & Frost 
Heteronota binoei Gray 

Lucasius damaeus (Lucas & Frost) 
Nephrurus asper Ginther 
Nephrurus laevis De Vis 

Oedura lesueurit (Duméril & Bibron) 
Oedura marmorata Gray 

Peropus oceanicus (Lesson) 

Peropus variegatus (Duméril & Bibron) 
Phyllodactylus marmoratus (Gray) 
Phyllurus cornutus (Ogilby) 
Phyllurus milit Bory de St Vincent 
Phyllurus platurus (Shaw) 
Rhynchoedura ornata Ginther 


For comparative purposes, alizarin transparencies of the following geckos were 
examined :— 


NEW ZEALAND 


Hoplodactylus duvaucelii (Duméril & Bibron) 
Hoplodactylus pacificus (Gray) 
Naultinus elegans Gray 


NEw GUINEA 
Gekko vittatus Houttuyn 
Hemidactylus frenatus Duméril & Bibron 


Sotomon Istanps 
Lepidodactylus woodfordit Boulenger 


JAMAICA 


Aristelliger praesignis (Hallowell) 
Gonatodes fuscus (Hallowell) 
Sphaerodactylus parkert Grant 


Regrettably, it was not possible to obtain specimens of Thecadactylus australis 
Ginther from the islands of Torres Strait. This rare gecko was recorded by Loveridge 
(1934) as occurring also on the Australian mainland in the McIlwraith Ranges. 

Alizarin transparencies were prepared by standard methods, and care was exer- 
cised in both the staining and clearing to ensure that the results were satisfactory 
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for a clear distinction between bone, calcified cartilage and uncalcified cartilage. Trans- 
parencies were first examined in toto and then dissected out under a binocular micro- 
scope, with epi-illumination and sub-stage illumination. Illustrations were prepared 
using eye-piece graticules of appropriate magnification and squared drawing-paper 
to gain accuracy in proportions. 


THe SKULL (Figs. 1-4) 


Of the dermal roofing elements of the skull, Romer (1956) generalizes that in lizards 
the nasals usually remain paired, but the premaxillae, frontals and parietals are fused 
in most cases. He notes, however, that paired premaxillae, paired frontals and 
paired parietals are found in certain lacertilian groups, including some geckos, while 
in his diagnosis of the Infraorder Nyctisauria (Gekkota) he states that the parietals 
are generally paired. 

In some 18 genera of geckos examined, the parietals in the great majority were 
distinctly paired. Only in Phyllodactylus marmoratus, Carphodactylus laevis and 
Gonatodes fuscus was there any tendency towards fusion, but even here the parietals 
were not always indistinguishably united. As is typical of Gekkota, there is no trace 
of a parietal foramen in any genus. Similarly, the nasals were paired in all cases 
except in Phyllodactylus marmoratus and Lepidodactylus woodfordi. In the latter 
genus this fusion was observed even in a juvenile specimen. 

On the other hand, the frontals were always fused and invariably possessed 
descending processes, a feature which is characteristic also of the family Pygopodidae. 
The descending processes of the frontals meet and fuse ventrally beneath the olfactory 
tract to form an olfactory tube. 

The position regarding the premaxillae was, however, much more variable. 
They were fused in Phyllodactylus marmoratus, Ebenavia horni, Heteronota binoet 
and in Peropus variegatus and Peropus oceanicus ; in the three Jamaican geckos, 
Aristelliger praesignis, Gonatodes fuscus and Sphaerodactylus parkeri; in Lepido- 
dactylus woodfordit (Solomon Islands) ; in Gekko vittatus and Hemidactylus frenatus 
(New Guinea). They were partly fused in Rhynchoedura ornata, Oedura lesweurit, 
and in three species of Diplodactylus (D. vittatus, D. tessellatus and D. michaelsent). 
The premaxillae were distinctly paired in Carphodactylus laevis, Nephrurus asper, 
Phyllurus platurus, Phyllurus milii, Hoplodactylus pacificus, Naultinus elegans, 
and Lucasius damaeus. 

Brock (1932) notes the occurrence of postfrontals in Pachydactylus maculosa 
and Pachydactylus bibroni, but states that they are absent in Lygodactylus capensis. 
This lack in Lygodactylus capensis is all the more noteworthy because in no case has 
a postfrontal been absent in any of the geckos I have examined. Normally in 
Australian genera, the postfrontals are arrow-head shaped, though in Carphodactylus 
laevis and Gekko vittatus they are more Y-shaped. In the three Jamaican geckos, 
Aristelliger praesignis, Gonatodes fuscus and Sphaerodactylus parkeri, the more posterior 
arm of the postfrontal is much expanded and embraces the parietal of its side. This 
feature is illustrated by McDowell & Bogert (1954, fig. 23) in Aristelliger lar. Among 
Australian forms such expansion was observed to a comparable degree only in Peropus 
oceanicus, though to a slight degree in Peropus variegatus, Hemidactylus frenatus 
and Heteronota binoei. In no case were the postfrontals perforated by one or more 
small foramina, as is the case in a number of pygopodid genera. 

Boulenger (1885), referring to the genus Nephrurus, states that the ‘ derm of the 
head is completely involved in the cranial ossification’. This condition is evident 
in Nephrurus asper and Nephrurus laevis at maturity and becomes more apparent 
with increasing age. It extends in this genus not only over the parietals and fused 
frontals, but also over the postfrontals and to a varying degree over the supratemporals 
and prefrontals. It results in these bones of the dorsal region of the skull assuming 
an embossed appearance. 
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Fic. 1.—Skull of N ephrurus laevis. a. Dorsal view, juvenile. x4. B. Dorsal view, 
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i) 


Fig. 1. (cont.)—Skull of Nephrurus laevis. c. Lateral view, fairly juvenile. x4. D. Ventral 

view, fairly juvenile. x4. 
Abbreviations :—ang, angular; art, articular ; bo, basioccipital ; bp, basipterygoid process ; 
bs, basiphenoid ; co, coronoid ; dent, dentary ; ec, extra-columella; epi, epipterygoid ; 
exoc, exoccipital ; fr, frontal ; 4, jugal; lg, ligament; m, mandible; ma, maxilla; na, 
nasal; pa, parietal; pal, palatine ; pm, premaxilla ; oc, paroccipital process ; pof, 
postfrontal ; prf, prefrontal; pro, prootic ; pt, pterygoid; pv, prevomer; 4, quadrate ; 
sa, surangular ; soc, supraoccipital ; st, columella auris; stm, supratemporal; ir, trans- 


palatine. 
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imilar condition was observed in Carphodactylus laevis, Phyllwrus cornutus 
Saas Phyllurus platurus, in older specimens of which geckos it may also involve 
the nasals and more dorsal aspects of the maxillae. The latter species, P. platurus, 
is referred to by Boulenger under the name of Gymnodactylus platurus as having 
the ‘ derm of the head more or less confluent with cranial ossification ’. 
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Fie. 2.—Skull of Nephrurus asper, fairly mature. 3. Abbreviations as in Fig. 1. 


On the other hand, this feature is lacking in Phyllurus milii, even in specimens of 
greater size than those of P. platurus in which it was observed. Phyllurus milit 
would therefore appear to be neotenic as compared in this respect with P. platurus 
and P. cornutus ; but apart from this, there is some doubt on several grounds as to 
whether P. milii actually belongs to the same genus as P. platurus and P. cornutus. 
A detailed investigation of the genus, covering general features as well as osteological 
characters is required to clarify the position. 

Of perhaps more fundamental importance than the fusion of the skin of the 
dorsal region of the head with the underlying bones of the skull in Nephrurus, Carpho- 
dactylus and Phyllurus, are the changes which take place in the proportions of bones 
with age, and the increasing extent to which roofing in of the skull occurs. It has been 
fortunate that in the extreme case, namely that of Nephrurus, sufficient material 
has been available to show the stages in this process. 


In the majority of geckos examined, the dorsal outline of the adult skull shows 
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considerable emargination. Thus the sides of the parietals are rather concave, and 
the quadrate, as also the quadrate process of the pterygoid, are uncovered from above. 
Similarly, although the supratemporal (parietal) process of the parietal extends back 
on each side, the occipital bones in most genera lie largely uncovered from above. 
On the outside of each supratemporal process of the parietals is a splint-like and 
bow-shaped supratemporal itself, which curves downwards or downwards and out- 
wards. The supratemporal, which is also varyingly designated as a tabular (McDowell 
& Bogert, 1954) or a squamosal (Underwood, 1957), hardly affects the extent of the 
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Fic. 3.—Skull of Nephrurus asper, fully mature. x 3. Abbreviations as in Fig. 1. 


roofing in these cases. This more typical geckonid condition is illustrated in the case 
of the New Zealand genera (N. G. & Elsie M. Stephenson, 1956). ; 
In more mature specimens of Nephrurus (Figs 2 and 3), however, there is extensive 
roofing-in by the parietals and supratemporals through their continued growth and 
ossification. Hence the quadrate, pterygoid and occipital region of the skull become 
covered from above and the skull assumes a more triangular shape in dorsal outline. 
The supratemporal itself changes from a splint-like bone to a broad plate. At the 
same time, the supratemporal process of the parietal and also a part of the original 
supratemporal bone become tucked in posteriorly and fail to ossify further. They 
thus form two thin vertical sheets in the occipital region, out of contact: with the 
skin and quite unlike the elements from which they are derived and with which 


they remain continuous. 
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j i i 1 proportions of the bones 

he juvenile stages of Nephrurus (Fig. 1), the general prop : 
of ne ee ee of the skull are similar to those of the adults in most other 
enera. It is suggested that the mature skull in many geckos, corresponding to a 
a aaile stage in Nephrurus, probably represents a neotenic condition which may be 


Fie. 4.—a. Skull of Phyllurus cornutus. x2. RB. Skull of Carphodactylus laevis. 2:5. 
Abbreviations as in Fig. 1. 


widespread throughout the family. Of all the genera and species examined, exceptions 
were noted only in Oarphodactylus laevis, Phyllurus platurus and Phylluwrus cornutus 
(Fig. 4). In these cases, a roofing-in of the posterior part of the skull, similar to, 
but not as extensive as that of V. ephrurus was observed. Associated with this feature 
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: the fact that specimens of NV ephrurus, Carphodactylus and the two species of Phyl- 
urus apparently grow to a considerably greater size than mature specimens of the 
more neotenic Australian genera. 

A jugal is present in all the Australian, New Zealand, New Guinea and Solomon 
Islands forms examined. It varies from a mere bony splint between the transpalatine 
and maxilla in most genera, to a more triangular bone with a dorsal extension directed 
towards the postfrontal in mature specimens of the genera Nephrurus, Carphodactylus 
and Phyllurus. 

Although the jugal does not reach the postfrontal, the two bones were observed. 
to be connected by a ligament in a number of cases. This is so in Nephrurus laevis, 
Carphodactylus laevis, Phyllurus platurus, Phyllodactylus marmoratus, Oedura mar- 
morata and Gekko vittatus. The occurrence of such a ligament as a remnant of a post- 
orbital arch is possibly widespread. It has been noted in Gekko gecko (Lakjer, 1927) 
and in the New Zealand genera Hoplodactylus and Naultinus (N. G. & Elsie M. 
Stephenson, 1956). 

Jugals are not always distinguishable in other geckonid genera. For example, 
they were readily identified in alizarin transparencies of the Jamaican geckos, Sphaero- 
dactylus parkert and Aristelliger praesignis, but were not demonstrable in the one 
specimen of Gonatodes fuscus which was examined. Brock (1932) states that a jugal 
is altogether lacking in Lygodactylus and merely a microscopic vestige in Pachydactylus, 
where it is seen in adult transverse sections. A jugal as a macroscopic element has 
been illustrated in the skull of Hemidactylus flaviviridis (Mahendra, 1949). 

Brock (1932) has noted in Lygodactylus a bony splint on the outer surface of the 
quadrate which is present in embryos as a definite membrane bone. This element, 
present also in Pachydactylus, was regarded by her as being a vestigial quadratojugal. 
It has not been possible to confirm the occurrence of a quadratojugal in juvenile 
Australian geckos, nor has any trace of this bone been recognized on the outside of 
the adult quadrate. 

The pterygoid, palatine and transpalatine (ectopterygoid) contribute largely to 
the bony floor of the orbit on each side. Each palatine and pterygoid is widely 
separated from the corresponding bone of the opposite side. 

On the other hand, the vomers in front of the palatines lie side by side. Neverthe- 
less, even in the fully mature specimens of Nephrurus asper, Carphodactylus laevis 
and Phyllurus cornutus, they do not fuse. The septomaxillae lie inside the olfactory 
capsules and are exposed only by the removal of the nasals. Each septomaxilla 
forms a roof over the Jacobson’s organ of its side and rests on the vomer. 

From each pterygoid, the epipterygoid (columella cranii) extends upwards as 
a rod to the parietal (anterior superior) process of the prootic. The quadrate process 
of the pterygoid extends back to articulate with the quadrate proper. The relationship 
of bones in the region of the auditory capsules has been described in the adult NV aultinus 
(N. G. & Elsie M. Stephenson, 1956), in which New Zealand genus, except for the 
exoccipital and opisthotic, the various auditory and occipital elements are separate. 

For convenience, the Australian Oedura leswewrii was studied for these elements 
because of the range of juvenile specimens of various ages which were available. 
It was found that the arrangements were similar to those in Naultinus. The prootic 
is very large, and forms the anterior part of the auditory capsule. At a dorsal level, 
it extends up in front as a parietal process with which the epipterygoid articulates. 
Behind, at this same dorsal level, it meets the supraoccipital. At a mid-lateral level 
the prootic extends back almost to the paroccipital process. Ventrally, it extends 
down to flank both the basisphenoid and part of the basioccipital. 

Despite the fact that the limits of the prootic, supraoccipital, basioccipital and 
basisphenoid are so readily distinguished, and that there are considerable gaps at 
their boundaries in immature specimens, the exoccipital and opisthotic on each side 
are indistinguishably fused, even in the most juvenile posthatching stages available. 


# 
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There is a well-developed paroccipital process on each side. It extends out from what 
is presumably the opisthotic region of the fused opisthotic and exoccipital. ; 

Below the paroccipital process, and just in front of it, is the fenestra ovalis, which 
is bounded partly by the opisthotic and partly by the prootic. Fitting into the 
fenestra ovalis is the expanded foot-plate of the imperforate stapes. Slightly below 
and behind the fenestra ovalis is the fenestra rotunda. This latter is bounded largely 
by the opisthotic region of the fused opisthotic and exoccipital, though bordered 
partly by the basioccipital. ; ; : 

The bony basisphenoid ends anteriorly in a rostrum, from which point unossified 
trabecular cartilage continues forward. In Oedura lesueurii, as also in Nephrurus 
asper, the basisphenoid ossification does not quite reach the level at which the original 
trabeculae fuse. In such cases, the basisphenoid ends anteriorly in a forked rostrum 
with a pair of bony facets for the persistent and unossified portions of the paired 
trabeculae before these latter fuse to form a cartilaginous trabecula communis. The 
trabecula communis thus appears as a rod which is forked at its base. On the other 
hand, in Carphodactylus laevis and Phyllurus cornutus, the basisphenoid ossification 
reaches a slightly more anterior level, with the result that its rostrum is unforked 
and the trabecula communis is a single rod from its base. 

Even in the more mature specimens of Nephrurus, Carphodactylus and Phyllurus 
there is no recognizable ossification of the trabecula communis itself, nor indeed any 
ossification in front of the basisphenoid which, in the confused reptilian terminology 
for this region, might be referred to as a septosphenoid, parasphenoid or presphenoid. 
In the New Zealand genera, an ossification in front of the basisphenoid may occur, 
and is most evident in Hoplodactylus duvaucelii. It is, however, an ossification of the 
forked trabecula communis and not a parasphenoid as has previously been described. 

The lower jaw in Australian genera shows a condition similar to that in New 
Zealand geckos and the rami are united in front by a ligament, not suturally. Each 
ramus consists of an articular, surangular, coronoid, splenial and toothed dentary. 
Presumably the angular and prearticular are fused with the articular, but the suran- 
gular remains distinct. The coronoid is strongly developed. 


THE SCLERAL RING 


The scleral ossicles of reptiles have been discussed generally by Walls (1942) and Romer 
(1956), and the general position appears to be as follows. In lizards, except some 
amphisbaenians, there are as many as 16 and as few as 11 (Chamaeleon) with 14 as 
the common number of scleral ossicles. Sphenodon has 16 or 17 plates, although 
scleral ossicles are lacking in Pleurosawrus, a presumably aquatic rhynchocephalian 
relative of Sphenodon from the Upper Jurassic. The ring is present in the Chelonia 
(10-13 plates), and in birds (10-18 plates, with 15 as the commonest number). It 
is lost in modern crocodiles, although 12-16 plates are found in several Jurassic 
marine crocodile genera. Romer (1956) notes that among seymouriamorphs the ring 
is preserved in Gephyrostegus, with about 30 plates, and in Seymouria, with perhaps 
20. The ring is absent in mammals, but this is understandable since it is rare in 
typical theriodonts and unknown in ictidosaurians. 

Snakes lack the scleral ring, but scleral ossicles are present in pygopods. Under- 
wood (1957) describe the pygopod condition as follows :— Lialis burtonis, ‘ standard ’ 
number of 14 scleral ossicles; Pygopus, 15 scleral ossicles ; Aprasia pulchella, 14 
scleral ossicles. 

On the other hand, single specimens of four Australian pygopod genera from my 
collection gave the following counts :—Lialis burtonis, left eye 17 scleral ossicles, 
right eye 17 scleral ossicles ; Pygopus lepidopus, left eye 15 scleral ossicles, right eye 
16 scleral ossicles ; Delma fraseri, left eye 14 scleral ossicles, right eye 15 scleral 
ossicles ; Aprasia pulchella, left eye 13 scleral ossicles, right eye 13 scleral ossicles. 
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The scleral plates in the above pygopods, except Aprasia pulchella, overlap 
considerably as they do in certain lizards, such as Lacerta, and in Sphenodon. This 
contrasts with the condition in the Australian and New Zealand geckos examined 
in which the ossicles in general lie parallel to one another throughout their length. 
In a few cases, slight overlap was noted at the outer corners where the plates were 
expanded a little. 

With regard to the number of scleral ossicles, certain problems have arisen from 
a study of geckos. Underwood (1954) noted that although some geckos, which he 
listed, possess the ‘ standard ’ amniote number of 14, in others, numbers far in excess 
of the usual have been found. Underwood records a greater number in COoleonyx 
variegatus and Aeluroscalabates felinus, but his highest counts were for Australian 
and New Zealand forms, with 25 for the New Zealand gecko, Hoplodactylus pacificus, 
and 30 for the Australian Oedura lesueurti. N. G. & Elsie M. Stephenson (1956) 
confirmed Underwood’s count of 25 for Hoplodactylus from specimens of H. pacificus 
and H. duvaucelii, but noted that 30 was not exceptional for Australian genera 
in that they had counted the same number in Phyllurus platurus. 

Further investigation of the Australian genera has yielded additional information. 
The method of studying the ossicles was to remove the eyes of specimens prepared 
as alizarin transparencies. The lens of each eye was taken out, the retina carefully 
scraped away, and the stained ossicles of the scleral ring were then examined and 
counted. 

Mature specimens of Phyllurus platwrus and Phyllurus mili gave a variable 
count for each eye, ranging from 25 to 27. The number in several specimens of Hbe- 
navia horni ranged from 24 to 26. A mature specimen of Carphodactylus laevis had 
30 in each eye; an apparently mature specimen of Diplodactylus tessellatus, with 
proportions comparable to the type specimen, had 36 ossicles in the left eye and 37 in 
the right. 

On the other hand, a higher adult number is not universal amongst Australian 
geckos. Three specimens of Heteronota binoet had the * standard ’ amniote number of 
14 ossicles in each eye, as also did specimens of Peropus oceanicus, Peropus variegatus 
and Phyllodactylus marmoratus. 

With the genus Nephurus, the eyes of both adult and juvenile specimens were 
studied. In a large, very well ossified, and presumably old specimen of V ephurus 
asper, the scleral ossicles numbered 28. In an old specimen of NV. laevis from the 
Australian Museum collection there were c. 33 in the left eye and definitely 33 in 
_ the right eye. In another fairly mature specimen of NV. laevis obtained from the National 
Museum of Victoria, there were 35 scleral ossicles in the left eye and 37 in the right. 
On the other hand, in juvenile specimens of NV. laevis the number of scleral ossicles 
ranged from 36 to 39, all well formed and in a definite series, though sometimes with 
variation between the number in left and right eyes. These counts indicate that the 
number of scleral ossicles in Nephurus laevis is reduced in development. Furthermore, 
high counts were obtained in single specimens of the following genera :—Rhyn- 
choedura ornata, left eye, 38, right eye, 37 ; Lucasius damaeus, left eye 36, right eye, 
33. When the ages of these specimens were investigated, it was noted that both 
were juvenile, the parietals being incompletely ossified and separated from one another 
by a large and irregular unossified area. 

If this feature is at all widespread amongst geckos, we may expect to have a greater 
number of scleral ossicles in juvenile than in mature specimens of many genera. 
Also, the higher ‘ adult ’ number of scleral ossicles in some genera as compared with 
others might well be explained by neoteny. 

Underwood (1954) suggested that further examination of scleral ossicles in geckos 
may afford an additional character for the characterization of genera or higher 
categories. The present data from Australian genera indicate that much further 
investigation, including an assessment of variation and of adult and juvenile numbers, 
would need to be carried out before this possibility could be profitably considered. 
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A number of specimens would need to be examined in any species before one could 
be sure of the normal adult number of scleral ossicles. 


HYOBRANCHIAL APPARATUS 


Cope (1892) first pointed out the evolutionary importance of the branchial arches 
among lizards. Camp (1923), after a study of 26 genera in various lacertilian families, 
assessed the relative importance of various primitive characters and concluded that 
the characters of branchial arches are foremost in phylogenetic significance. 

The most primitive condition of the Gekkotan hyobranchial skeleton in known 
living forms is that in which there are three complete arches, two of which, the hyoid 
and second branchial arch, are attached to the skull. Such a condition has been 
described in the amphicoelous New Zealand Gekkonid, Nawltinus elegans Gray 
(N. G. & Elsie M. Stephenson, 1956), and in the procoelous Eublepharid, Coleonyx 
variegatus Baird (Noble, 1921). In the New Zealand genus Hoplodactylus Fitzinger 
there is a definite, though sometimes slight, gap in the second branchial arch. This 
occurs between ceratobranchial II (= basibranchial IT, Noble, 1921) and epibranchial 
II, so that the mesial end of the latter lies free in the surrounding muscle (N. G. & 
Elsie M. Stephenson, 1956, Text-fig. 3). It is to be noted that Naultinus, the sole 
New Zealand gecko with complete continuity of the second branchial arch is strikingly 
neotenic in its general anatomy. 

Among the Australian genera examined, in no case was there complete continuity 
in the second branchial arch. Between ceratobranchial II and epibranchial II there 
is a gap, often of slight proportion, but in some genera; such as Phyllodactylus mar- 
moratus and Rhynchoedura ornata, continuity in the second branchial arch appears 
to be avoided and the free ends of epibranchial II and ceratobranchial II by-pass 
one another. In Rhynchoedura ornata, this feature is accentuated and ceratobranchial 
II extends freely back for some distance, following a rather sinuous course, to about 
the level of the fourth cervical vertebra. The failure of the free ends of epibranchial II 
and ceratobranchial II to meet either by foreshortening or by their overlap in different 
planes, suggests that the break in the continuity of the cartilage of the second branchial 
arch, as compared with the first arch, may have some functional significance associated 
with the auditory mechanism. 

Apart from this varying condition in the incompleteness of the second branchial 
arch, the Australian geckos, like the New Zealand genera, show reasonable constancy 
in the form of the hyobranchial skeleton. Thus, valuable though Camp’s (1923) 
criterion may be at the familial level, at the generic level hyobranchial structure 
is too uniform to allow any linear arrangements of grouping of the Australian and 
New Zealand genera. The only distinctive Australian genera examined were Hetero- 
nota binoet and Peropus variegatus, in both of which, although epibranchial II is 
present, ceratobranchial II is entirely lacking. 

There is one structural feature which needs some clarification. Romer (1956) 
figures the hyoid apparatus of a generalized lizard (gecko—after Camp) and shows 
the first arch in two distinct parts, the hyoid cornu and the epihyal. This is certainly 
not the case in New Zealand and Australian geckos, in which the hyoid arch appears 
as a continuous structure and in none of which is there a break in comparable position 
to two parts labelled hyoid cornu and epihyal in Romer’s (1956) diagram. Camp 
(1923) himself actually shows continuity in the hyoid arch of the Eublepharid, 
Coleonyx variegatus, and the Uroplatid, Uroplatus fimbriatus, although he figures an 
irregularly-shaped process in Coleonya which is in continuity with the rest of the 
cartilage at a point close to where one would have expected the epihyal and ceratohyal 
portions to have fused. Similar processes occur in the Australian geckos, and are 
also figured by N. G. & Elsie M. Stephenson (1956) for the New Zealand genera, 
Naultinus and Hoplodactylus. 
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PECTORAL GIRDLE (Fig. 5) 


The median interclavicle and the paired clavicles, scapulae and coracoids are of bone ; 
the sternal plate and the paired epicoracoids and suprascapulae are of calcified 
cartilage. ; 

There is much variation in the shape of the interclavicle. It is splint-like in 
Lucasius damaeus, Naultinus elegans and Lepidodactylus woodfordii; it is dagger- 
shaped in Oedura lesueurii, Ebenavia horni, Peropus variegatus, Diplodactylus spp. 
and Hoplodactylus spp.; it is more or less cruciform in Heteronota binoei, Phyllo- 
dactylus marmoratus, Carphodactylus laevis, Phyllurus spp., Nephrurus spp., Rhyn- 
choedura ornata, Gekko vittatus, Hemidactylus frenatus, and in the three Jamaican 
species, Aristelliger praesignis, Sphaerodactylus parkeri and Gonatodes fuscus. 


Fic. 5.—a. Pectoral girdle of Oedura lesueurii. x6. B. Pectoral girdle lof Heteronota binoet. x6. 

Abbreviations :—cl. clavicle; co, coracoid; epe, epicoracoid ; ic, interclavicle ; h, humerus ; 
lef, lateral coracoidal fenestra ; mcf, median coracoidal fenestra ; sc, scapula ; scf, scapulo- 
coracoid fenestra; sf, supracoracoid foramen; ssc, suprascapula; st, sternum; str, 
sternal rib ; «st, xiphisternum. 


The clavicles are invariably dilated mesially, and normally perforated. There is, 
however, a tendency for the perforation to be rather restricted in the genus Phyllurus, 
particularly in P. cornutus, where it is sometimes closed. In the one specimen of 
Gonatodes fuscus available for study, the perforation is present but incomplete, being 
bounded medially by the interclavicle and its transom. In all cases, the clavicle 
distally articulates with the suprascapula, which is often notched to receive it. 

With the exception of certain Jamaican genera, and also the neotenic New Zealand 
genus Naultinus, the scapula and coracoid are indistinguishably fused in the adult. 
They were nevertheless seen to be clearly separate In young specimens of Oedura 
lesueurii, Heteronota binoet and Phyllurus platurus. This juvenile feature was helpful 
in establishing the identity of the various fenestrae of this region. 

There is a fairly large supracoracoid foramen; a scapulo-coracoid fenestra ; 
a lateral coracoidal fenestra and, generally, a median coracoidal fenestra. This latter 
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is sometimes of slight proportions, as in the New Zealand genera, where it may even 
be absent. The scapulo-coracoid fenestra and the lateral coracoidal fenestra are 
bounded anteriorly by the cartilaginous epicoracoid ; the median coracoidal fenestra 
is bounded both anteriorly and medially by the epicoracoid. The two epicoracoids 
themselves overlap in the middle line, the left ventrally to the right. There is a 
flange on the anterolateral borders of the sternal plate to receive the more posterior 
edge of the epicoracoid of each side. 

It is in the relationship of sternal ribs to the sternal plate that a most clear-cut 
distinction between various genera was found to occur. In all cases the ribs of the 
seventh and eighth vertebrae, though bearing both bony vertebral and cartilaginous 
sternal portions, fail to reach the sternum. Of the ribs of succeeding vertebrae, in 


hi 


Fie. 6.—Pelvic girdle of Nephrurus laevis, (juvenile). x6. Ventral view, ilium not shown 
(In fully mature specimens the pubis and ischium are indistinguishably fused.) : 

Abbreviations :—ep, epipubis; fc, foramen cordiforme (ischio-pubic fenestra) ; fe formar 3 he 
hypoischium ; is, ischium ; of, obturator foramen; p, pubis; PD, prepubic (pectineal) 
process. 


some genera, two reach the sternal plate of their side independently ; in 
three. Thus in Oedura lesueurti (Fig. 5a), Lucasius dain Ebenehes pee Gane 
choedura ornata, Carphodactylus laevis, Diplodactylus spp., Gekko vittatus and Lepido- 
dactylus woodfordii, the ribs of the ninth and tenth vertebrae reach the sternum inde- 
pendently, while the ribs of the eleventh and twelth vertebrae join to form the 
xiphisternum. In Phyllurus spp., Peropus spp., Nephrurus spp., Heteronota binoet 
(Fig. 58), Phyllodactylus marmoratus, Hemidactylus frenatus, Aristelliger praesignis 
Sphaerodactylus parkeri and Gonatodes fuscus, the ribs of the ninth, tenth and eleventh 
be dae reach Na hit independently, while the ribs of the twelfth and thirteenth 
vertebrae join to form the xiphisternum (so i i 
APR catia Gay Pp (sometimes in Phyllurus platurus those 
The sternum itself is a calcified, rhomboidal late, and i i 
is not fenestrated as is the case in some lizards. rt is aioe cache 
this respect contrasts particularly with the suprascapula, which is calcified proximall 
while its more dorsal portions are largely of uncalcified cartilage. i Z! 


XLIV] THE COMPARATIVE OSTEOLOGY OF AUSTRALIAN GECKOS 293 


PELVIC GIRDLE (Fig. 6) 


The pubis and ischium bound an extensive f i ischi 

e pu . bi oramen cordiforme (ischio-pubic fenestra 
which is normally undivided, However, in the three Jamaican genera eee BE 
is a median ligament, as in such lizards as Lacerta vivipara (Wiedersheim, 1907) 
dividing the foramen cordiforme into right and left halves. 


b) 


Fria. 7.—a. Manus of Nephrurus laevis ; B. Pes of Nephrurus laevis ; c. Manus of Nephrurus asper ; 
D. Pes of Nephrurus asper. All X38. 

Abbreviations :—ac, fused astragalus and calcaneum; cl, first distal carpal; c5, fifth distal 
carpal; ce, centrale; dpl, distal phalanx of first digit ; dt, distal tarsal; ji, fibula; mel, 
first metacarpal ; m5, hook-shaped fifth metatarsal ; pi, pisiform ; 1, radiale ; rd, radius ; 
ti, tibia; wu, ulnare; wl, ulna. 


In adults, the pubis, ischium and ilium are indistinguishably fused, but where 
juvenile specimens were available they were seen to be quite distinct, meeting at 
the acetabulum. The separation of these elements of the pelvic girdle in juvenile 
forms was noted in Oedura lesueurii, Nephrurus asper, Nephrurus laevis, Ebenavia 
horni, Phyllurus cornutus, Peropus variegatus, Heteronota binoet, and Lepidodactylus 
woodfordir. 

In all cases there is developed a metischial process (spina ischii) from the ischium, 
and a prepubic (pectineal) process from the anterolateral margin of the pubis. In 
Phyllurus platurus, Diplodactylus michaelseni Oarphodactylus laevis and Heteronota 
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binoei, there is in mature specimens a secondary ossification extending as a thin 
sheet from the prepubic process to the anteromedial extremity of the pubis. The 
pubis itself is invariably pierced by a foramen for the obturator nerve. 

The epipubis and hypoischium are both present. In young specimens they may 
be slightly calcified, or not at all. In older specimens the epipubis becomes strongly 
calcified although in the hypoischium the calcification may be restricted to its more 
axial region. 


CaRPUS AND Tarsus (Figs 7 and 8) 


In the geckonid genera examined, the structure of the carpus and tarsus presents 
a basically constant arrangement which in general conforms with the recognized 
lacertilian pattern. In the carpus, there is a radiale and an ulnare for the articulation 
of the radius and ulna respectively. A proximal centrale is situated between them, 
while a small pisiform lies on the outer side of the ulnare. An intermedium, which is 
present in Sphenodon and in some lizards, as for example Uromastyx aegyptia (El- 
Toubi, 1949), was not distinguishable in any gecko examined. The centrale itself 
does not reach the radius or ulna, but remains a narrow wedge between the radiale 
and ulnare. Distally, there are five carpal elements, the first being the smallest of 
the series. Each distal carpal is related to a corresponding metacarpal. 

In the tarsus, the large proximal element with which the tibia and fibula articulate 
may be designated as a fused astragalus and calcaneum. Romer (1956) discusses 
the suitability of these names and suggests that the astragalus developed phylo- 
genetically by a fusion of three elements formerly present in this area—the tibiale, 
intermedium and proximal centrale. The calcaneum is obviously the fibulare. Romer 
states that in most living reptiles the astragalus ossifies from a single centre, presumably 
as a secondary simplification of the developmental process. This ossification from 
a single centre is certainly observed to be the case in juvenile material of Nephrurus 
asper, Nephrurus laevis, and in Oedura lesueurii. In the latter genus, where a much 
wider range of juvenile material was available for study, this ossification was seen 
to begin at a much earlier stage than the ossification of other tarsal, or even carpal, 
elements. 

Distally in the tarsus, there are normally three tarsals. The largest of these, 
that opposite the fourth metatarsal, serves also for the articulation of the hook- 
shaped fifth metatarsal. The distal tarsal opposite the third metatarsal is much smaller, 
while that opposite the first metatarsal is often a mere nodule. In Phyllurus platurus, 
a similar small nodule corresponding to the second metatarsal was observed, but 
in other cases this was absent. According to Romer (1956), small accessory tarsal, 
as also carpal, elements are notably developed in geckos. 


PHALANGEAL FORMULAE 


It has generally been agreed that the typical reptilian phalangeal formula of 2, 3, 4, 5, 
3 for the manus and 2, 3, 4, 5, 4 for the pes is the primitive formula for reptiles and 
that this was reduced to 2, 3, 3, 3,3 to give the generalized formula for primitive 
mammals, a change in formula which may be related to a change in posture (Romer, 
1949, 1956). Romer has expressed the view that the mammalian formula ‘ must have 
appeared at a very early stage in therapsid history, for 2, 3, 3, 3, 3 is characteristic 
not only of such relatively advanced types as therocephalians and bauriamorphs 
but also of the relatively primitive dinocephalians and the dicynodonts, which must 
have diverged at an early stage in therapsid history ’. 

The typical reptilian phalangeal formula of 2, 3, 4,5,3 for the fore limbs and 
2,3,4,5,4 for the hind limbs characterizes the New Zealand genera Naultinus 
Gray and Hoplodactylus Fitzinger (N. G. & Elsie M. Stephenson, 1956). It is also 
characteristic of the Jamaican forms, Aristelliger praesignis Hallowell, Sphaerodactylus 
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parkert Grant and Gonatodes fuscus Hallowell, of Gekko vittatus Houttuyn from New 
Guinea, and of Lepidodactylus woodfordiit Boulenger from the Solomon Islands. 
It occurs also in the Australian forms, Heteronota binoei, Oedura lesueurii, Lucasius 
damaeus (Fig. 88), Carphodactylus laevis, Phyllurus platurus (and P. milit), Diplo- 
dactylus vittatus (and D. michaelseni), Phyllodactylus marmoratus, Ebenavia horni, 
and Peropus variegatus. Hbenavia horni (Fig. 84) is remarkable for the fact that the 
last phalanx is forked to produce two rods as a continuous structure which support 
the two terminal pads of each digit. Thus, in this gecko, the digits do not end in 
a claw. In other cases where two terminal pads occur at the extremity of the digits, 
as for example in Phyllodactylus marmoratus and in Diplodactylus michaelseni, the 


Fic. 8.—a. Right manus of Ebenavia horni. X12. 3B. Right pes of Lucasius damaeus. x10. 
Abbreviations as in Fig. 7. 


single claw from the last phalanx extends straight out between the two pads. In 
Peropus variegatus, ‘ paraphalangeal’ rods are present as accessory supporting 
structures. They appear as a pair of elements associated with the basal phalanx 
of the first digit, and the third most distal phalanx of the remaining digits in fore and 
hind limbs. Paraphalangeal rods are also present in H emidactylus frenatus. Romer 
(1956), referring to the family Gekkonidae, notes that such ‘ paraphalangeal ’ elements 
are frequent in forms with adhesive pads. _ 

It appears that although many living lizards retain the manus 2, 3, 4, 5, 3, and 
pes 2,3, 4,5,4 formulae, hypophalangy is not uncommon. For example, there is 
sometimes slight reduction to 2, 3, 4, 4,3 as in Lanthanotus borneensis (McDowell 
& Bogert, 1954), or even more marked reduction as in Moloch, which has the count 
of 2, 2,3, 3,2. Among geckos, Mahendra (1950) describes and figures the phalangeal 
formula of Hemidactylus flaviviridis Riippel as 2, 3, 3, 4,3 for both the manus and 
pes. This represents a reduction by one phalanx in the third and fourth digits of 
the manus, and in the third, fourth and fifth digits of the pes. It is also the formula 

idactylus frenatus. 
Hie Hrs ie case of the genus Nephrurus, which is discussed. below, Rhyn- 
choedura ornata was the only other Australian gecko in which any reduction from the 
typical reptilian formula was noted. Only one specimen of this genus was available 
for study and was prepared as an alizarin transparency. The pes on both sides had 
the typical 2, 3, 4, 5, 4, but the phalangeal formula for the manus was 2,3, 4, 4,3 0n 
both sides, representing a reduction by one phalanx in the fourth digit. 
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In view of the general conformity of the New Zealand and Australian geckos with 
the typical reptilian phalangeal formula, it is of importance to stress the one striking 
exception seen in the genus Nephrurus. Here, surprisingly enough, the formula 
differs in Nephrurus asper and Nephrurus laevis. 

In three specimens of Nephrurus asper (Fig. 7c and D) examined, the phalangeal 
formula was 2, 3, 4, 4, 3 for right and left fore limbs, and 2, 3, 4, 4, 4 for right and left 
hind limbs. In five specimens of Nephrurus laevis (Fig. 74 and B), including adult 
and juvenile forms, it was 2, 3, 3, 3, 3 for both fore and hind limbs, as counted on 
both sides. 

The position in Nephrurus is thus remarkable in that not only is the formula 
strikingly different in two species of the one genus but that in one of these species 
the formula is identical with the primitive mammalian formula and the common 
chelonian formula. 

Romer defines the chelonian formula as ‘ reduced, usually 2, 3, 3, 3,3’. Except in 
trionychids, where the hind ‘ paddle’ has frequently a mild hyperphalangy, the 
reductions are from a basic 2, 3, 3, 3, 3. In the superfamily Testudinoidea, for example, 
the phalanges in the manus range from 2, 3, 3, 3, 3 to 2, 2,2, 2,1, oreven 1, 2, 2, 2,1; 
in the pes from 2, 3, 3, 3, 3 to 2, 2, 2, 2, 0 (Romer, 1956). If the typical chelonian 
2, 3, 3, 3, 3 was a more recent reduction derived from 2, 3, 4, 5, 3 and 2, 3, 4, 5, 4, 
one might expect to find a range of variation between 2, 3, 4, 5, 4 and 2, 3, 3, 3, 3, 
as well as the existing range from 2, 3, 3, 3, 3 downwards, as illustrated by the Testu- 
dinoidea. One can only conclude that the formula 2, 3, 3, 3, 3 was established early 
in chelonian phylogeny as also in mammalian history. 

The isolated case of Nephrurus laevis amongst Australian geckos is a warning 
against undue emphasis on phalangeal formulae as an indication of phylogeny, 
and can only be interpreted as a secondary and fairly late achievement within the 
genus Nephrurus. 


DISCUSSION 


The osteology of geckos emphasizes the part played by neoteny in their evolution 
and the extent to which this process of change along the time axis of development 
accounts for the differences that occur between various genera. A particular structure 
in the adult of one genus is very often directly comparable to the same structure 
in a juvenile individual of another genus. This process of neoteny has long been 
known in the Amphibia where it is of wide occurrence, and is being increasing recog- 
nized in other vertebrate classes. Morphological studies of other families of lizards 
may well provide valuable evidence of its significance in reptilian phylogeny. 

Parrington (1956), commenting on the fact that the supratemporals are mere 
slips of bone in captorhinomorph cotylosaurs, Pelycosauria, and various other reptiles 
including many modern lizards, suggests that such slips of bone would be expected 
to be the result of the supratemporal starting to grow only when the parietal, growing 
at about the same rate, had reached its rudiment. He thus contends that the reduction 
of the supratemporal bone to a splinter is consistent with the assumption of its 
appearance only at a late stage of growth of the parietal. 

As has been shown in Nephrurus, Carphodactylus and Phyllurus, growth changes 
associated with increasing maturity not only modify the shape of the parietal, but 
convert the supratemporal from a splinter to a broad plate of bone. These changes 
which alter the general outline of the skull indicate that the ultimate shape of the 
supratemporal and parietal is not exclusively determined by the initial lines along 
pee — rudiments, growing at different rates or starting to grow at different 

imes, meet. 
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_ Underwood (1954), in his classification of geckos, divides the family Gekkonidae 
into two subfamilies and disperses the Australian genera as follows :— 


Subfamily nov. DIPLODACTYLINAE Subfamily GEKKONINAE 
Carphodactylus Ebenavia 
Diplodactylus Gehyra (= Peropus) 
Lucaswus Heteronota 
Nephrurus Phyllodactylus 
Oedura Pseudothecadactylus 
Phyllurus (= Thecadactylus) 
Rhynchoedura 


_ _The genus Hbenavia is included in the above list since apart from being represented 
in Madagascar and in the Mascarenes, as indicated by Underwood, it has a described 
Australian species, Hbenavia horni. 

The basis of Underwood’s subdivision is the structure of the pupil of the eye. 
If the pupil is vertical with straight margins, or circular, the genus is assigned to 
the Diplodactylinae. If the pupil is gekko-type or secondarily circular, the genus 
is assigned to the Gekkoninae. Possibly, Rhynchoedura is misplaced, for Underwood 
(1957) subsequently states that he believes Rhynchoedura has a gekko-type pupil. 

It has not been possible to find osteological characters which would support 
Underwood’s division of the family into two subfamilies based on ophthalmological 
features. For example, in the structure of the pectoral girdle, Australian geckos 
fall into two groups depending on whether two or three ribs meet the sternum inde- 
pendently in a particular genus. 


Group A Group B 
(Two ribs reaching sternal plate inde- (Three ribs reaching sternal plate inde- 
pendently on each side) pendently on each side) 
Carphodactylus (Diplodactylinae) Peropus (Gekkoninae) 
Diplodactylus (Diplodactylinae) Heteronota (Gekkoninae) 
Ebenavia (Gekkoninae) Nephrurus (Diplodactylinae) 
Oedura (Diplodactylinae) Phyllodactylus (Gekkoninae) 
Rhynchoedura (Gekkoninae) Phyllurus (Diplodactylinae) 


Again, in the shape gf the interclavicle, there is a range from cruciform in Hetero- 
nota (Gekkoninae), Phyllodactylus (Gekkoninae), Carphodactylus (Diplodactylinae), 
Phyllurus (Diplodactylinae) and Rhynchoedura (Gekkoninae) to dagger-shaped or 
splint-shaped in Oedura (Diplodactylinae), Ebenavia (Gekkoninae) Peropus (Gekkoni- 
nae), Diplodactylus (Diplodactylinae) and Lucasius (Diplodactylinae). 

Most of the geckos examined were found to preserve the primitive reptilian 
phalangeal formula of 2, 3,4, 5,3 for the manus and 2, 3,4,5,4 for the pes. The 
finding of two different phalangeal formulae in two species of the genus Nephrurus 
is therefore most surprising. It is all the more so since one of them, Nephrurus laevis, 
has the same phalangeal formula of 2, 3, 3, 3, 3 for both manus and pes as is typical 
of primitive mammals. This formula was established at an early stage in mammalian 
evolution and it is here paralleled by a late and secondary reduction from the primitive 
reptilian formula within one genus of the Australian Gekkonidae. 
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SUMMARY 


1. Representatives of 11 genera of geckos occurring on the Australian mainland 


are studied from alizarin transparencies. ; 
2. Comparisons are made with New Zealand, New Guinea, Solomon Island and 


Jamaican forms. Pe 
3. As far as skull structure is concerned, a neotenic condition appears to be 


widespread and occurs in many of the genera. 

4. Scleral ossicles exhibit much variation not only between genera, but also, in 
certain cases, between young and old individuals of the same species, and even between 
right and left eyes of a single individual. é 

5. Among the Australian genera examined, in no case is there complete continuity 
in the second branchial arch. In general, hyobranchial structures show considerable 
similarity at the generic level. 

6. The pectoral girdle is fairly distinct from genus to genus, mainly because of 
the variation in the shape of the interclavicle and in the relationship of sternal ribs 
to the sternal plate. 

7. The typical reptilian phalangeal formula occurs in most cases. The genus 
Nephrurus, however, is unique in that the phalangeal formula for Nephrurus asper 
is 2,3, 4,4, 3 for the fore limbs and 2,3, 4, 4,4 for the hind limbs. In Nephrurus 
laevis, it is 2, 3, 3, 3, 3 for both fore and hind limbs. 

8. It has not been possible to find osteological characters which would support the 
division of the Geckonidae based on ophthalmological features, or justify the dispersal 
of the Australian genera in to separate subfamilies, according to the shape of the eye, 
as suggested by Underwood (1954). 
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INTRODUCTION 


Tue Gekkonidae are unique among the Lacertilia in that both amphicoelous and 

procoelous genera occur within this one family. Amphicoely is by far the more com- 

mon condition, but intercentra typically persist throughout the column in both the 

amphicoelous and procoelous forms. It has long been considered, because of their 

vertebral structure, that geckos include the most primitive of living lizards. Boulenger 

(1885) and Camp (1923) both placed the amphicoelous geckos first in their schemes of 
classification. Underwood (1954) proposed a classification of geckos using such - 
ophthalmological characters as the presence of an eyelid or a spectacle and the exact 

form of the pupil as criteria of primary importance, and suggested that in geckos 

‘ the procoelous condition is primitive and the amphicoelous condition secondary ’. 

Romer (1956) maintained that the Iguania and the Nyctisauria (Gekkonidae and 

Pygopodidae) contest for the position of the most primitive of the living Lacertilia, 

but he did place the Infraorder Iguania first in his classificatory scheme. He expressed 

the view that the geckos, though specialized in the structure of the skull and feet 

‘are thought to be degenerate in vertebral structure but are nevertheless archaic in 

nature ’. 

The earliest definitive lizards, however, had amphicoelous vertebrae, there being 
considerable radiation of these forms during the Triassic. Underwood noted this in 
a subsequent publication (1955) and withdrew his earlier view. Thus procoely in 
lizards is still generally accepted as having evolved from amphicoely, there being no 
evidence that the reverse has taken place. Nevertheless the procoelous condition 
could have arisen more than once during lacertilian evolution, particularly as it is 
generally agreed that the morphological change involved is only small. 
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It is essential when classifying a group of animals that the criteria accepted as 
homologous throughout a group should in fact be so. Amphicoely and procoely are 
basic criteria in the classification of several vertebrate groups, so that the components 
of the axial skeleton in amphicoelous and procoelous forms must be clearly recognized. 

The present study of the vertebral column of geckos has been undertaken in 
an attempt to clarify the problem as far as the Lacertilia are concerned, and to 
discover whether or not there is any indication of ‘ degeneracy ’ in gekkonid amphi- 
coely. 


MatTEeriAL AND Murruops 


The following geckos were used for the study of the vertebral column. The generic 
and specific names used have been adopted after consulting Boulenger (1885, 1887) 
Zietz (1920) and Loveridge (1934). 


2 


AUSTRALIA 


Carphodactylus laevis Giinther, 1897 
Diplodactylus michaelsent Werner, 1910 
D. strophurus (Duméril & Bibron), 1839 
D. tessellatus (Giinther), 1875 

D. vittatus Gray, 1832 

Ebenavia horni Lucas & Frost, 1895 
Hemidactylus frenatus Duméril & Bibron, 1836 
Heteronota binoet Gray, 1845 

Lucasius damaeus (Lucas & Frost), 1896 
Nephrurus asper Ginther, 1876 

N. laevis De Vis, 1886 

Oedura lesueurit (Duméril & Bibron), 1836 
O. marmorata Gray, 1842 

O. monilis De Vis, 1888 

Peropus oceanicus (Lesson), 1828 

P. variegatus (Duméril & Bibron), 1836 
Phyllodactylus marmoratus (Gray), 1845 
Phyllurus cornutus (Ogilby), 1892 

P. milit Bory de St Vincent, 1825 

P. platurus (Shaw), 1790 

Rhynchoedura ornata Ginther, 1867 


AFRICA 
Afroedura transvaalica (Hewitt), 1925 


JAMAICA 


Aristelliger praesignis (Hallowell), 1856 
Gonatodes fuscus (Hallowell), 1855 
Sphaerodactylus parkert Grant, 1939 


NEw GUINEA 
Gekko vittatus Houttuyn, 1782 


New HEBRIDES 
Lepidodactylus lugubris (Duméril & Bibron), 1836 


New IRELAND 
Hemidactylus garnoti Duméril & Bibron, 1836 
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New ZEALAND 
Hoplodactylus duvaucelii (Duméril & Bibron), 1836 
H. pacificus (Gray), 1845 
Naultinus elegans Gray, 1845 


NorrFoik IsLanD 
Phyllodactylus giinthert Boulenger, 1885 


Sotomon ISLANDS 


Lepidodactylus guppyt Boulenger, 1884 
L. woodfordii Boulenger, 1887 


Specimens of the above species were prepared as alizarin transparencies and were 
dissected under a Zeiss Opton binocular microscope with epi- and sub-illumination, 
Although uncalcified cartilage does not stain red as do bone and calcified cartilage, 
it could be detected readily owing to its distinctive appearance. The specimens were 
transferred from pure glycerine to water for examination to eliminate the optica. 
distortion caused by the glycerine, and to render the ligaments slightly opaquel 
thus facilitating their dissection. 

Longitudinal frozen sections were made of cervical and dorsal vertebrae of Phyl- 
lurus platurus, P. militi and Sphaerodactylus parkert which had been alizarin stained, 
in order to compare the procoelous and amphicoelous conditions. 

Transverse and longitudinal serial sections at 10 4 thickness were cut through the 
caudal vertebrae of juvenile and adult specimens of Oedura lesueurit to examine the 
plane of caudal fracture. 

An entire juvenile specimen of O. lesueurti was sectioned transversely at 10 yw. 
The sacrum of an adult O. lesuewrti was cut transversely at 10 ~, while dorsal vertebrae 
of the same specimen were sectioned longitudinally, again at 10 w. Serial sections 
at 8 w were cut transversely through the head and cervical vertebrae of an embryonic 
O. marmorata and Peropus variegatus, the remainder of the latter specimen being 
sectioned transversely at 10 w. This range of sectioned material was used in the study 
of the components of the intervertebral region, the atlas-axis complex, rib-attachment, 
the chordal cartilage and the foramina in the centrum. Representative sections from 
these series have been drawn from photomicrographs or from direct observation in 
order to illustrate points described in the text. The remaining figures are free-hand 
drawings whose proportions have been checked by careful measurement. 


THE VERTEBRAL COLUMN 


General 


The vertebrae of amphicoelous geckos (Fig. 1a, B) are characterized by their biconcave 
centra, by the continuous notochord, and by the discrete intercentra in the inter- 


ee a a 

Fie. 1.—Medial section of the centra of dorsal vertebrae, showing the transition from amphicoely 
to procoely. 

. Phyllurus platurus juvenile, 

. P. platurus adult. 

. P. milit juvenile. 

. P. milvi adult. 

. Sphaerodactylus parkeri adult. 


A and B are amphicoelous, c, D and E are procoelous : i 

across the notochord indicate the ends of Geese pet Peake rghit od iG 
c, condyle. cc, chordal cartilage. cct, calcified cartilage. eb, endochondral bone. ic, inter- 
centrum. ic, intervertebral cartilage. nc, notochord. nes, notochordal sheath pb eri- 
chondral bone. rcc, region of maximum chordal constriction. p 3 
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vertebral region. Each centrum is the major supporting element of the vertebra ; 
it is short and broad, and is hollowed at both ends into funnel-shaped depressions 
which are connected through the vertebra by the notochordal canal. This type of 
notochordal amphicoelous centrum was characteristic of primitive reptiles, and was 
retained during the Triassic in ichthyosaurs and in some early lepidosaurs, viz. 
Eosuchia and Rhynchocephalia. It exists today only in the rhynchocephalian 
Sphenodon, most geckos, and in the trunk vertebrae of turtles (Romer, 1956). 

Procoelous centra were to be found in the Eusuchia before the end of the Meso- 
zoic, were present in pterosaur presacrals and are characteristic of nearly all Squamata 
(Romer, 1956). They are also present in the cervical and caudal regions of some 
chelonians, although their number varies as does their occurrence. 

The vertebrae of amphicoelous geckos are joined together by a ring of fibro- 
cartilage, which merges with the calcified cartilage at the ends of the bony centra. 
These rings of intervertebral cartilage are present throughout the column, the first 
occurring between the axis and the third cervical vertebra. The moniliform notochord, 
extending without interruption from the axis to the tail, has its smallest diameter 
midvertebrally in the region of the chordal plate, and its greatest diameter inter- 
vertebrally within the ring of intervertebral cartilage. Thus the funnel-shaped 
depressions in the ends of the centra contain notochordal tissue, so that only the 
“rims ’ of the ‘ funnels ’ are attached to intervertebral cartilage. Fused to the ventral 
surface of this cartilage is an oval plate of bone, the intercentrum. 

Only two of the 34 species of geckos examined were procoelous. One of these 
was the Jamaican gecko Sphaerodactylus parkeri, of which only one specimen. (adult) 
was available, and the other was the Australian species Phyllurus milii. In both 
species the short, broad centra are pierced throughout their length by the chordal 
canal, which continues without interruption through the intervertebral region (Fig. 
lc, D, £). A discrete intercentrum lies ventrally between adjacent centra. In possessing 
these characters the vertebrae of S. parkeri and P. milii are identical with those of 
amphicoelous geckos. The difference between this type of procoelous centrum and 
the amphicoelous centra of other geckos is mainly one of shape. In both species 
each centrum has a cup-shaped depression anteriorly and a rounded condyle posteri- 
orly, so that neighbouring vertebrae together form a ball-and-socket articulation. 
The greater part of the condyle consists of calcified cartilage, with a core of endo- 
chondral bone which is indistinguishable from that of the centrum. 

The tissue lying between the procoelous centra of S. parkert and P. milii consists 
of a cup-shaped layer of cartilage fused to the adjacent centra and pierced by the 
chordal canal. There is no articular cavity between the centra in these procoelous 
geckos, just as there is none in the amphicoelous forms. Constriction of the notochord 
occurs largely within the condyle, and is most noticeable in the dorsal vertebrae 
of 8. parkeri (Fig. 1m). It also occurs to a smaller degree in the anterior region of 
the centrum just behind the cup-shaped depression. As a result of the constriction 
within the vertebra, the intervertebral chordal diameter is reduced compared with 
amphicoelous forms. 


Fic. 2.—Medial section of the centra of axis and the third cervical vertebra, showing the lesser 
extent of procoely in the cervical region compared with the dorsal region. 


A. Phyllurus platurus juvenile. 

B. P. platurus adult. 

c. P. milti juvenile. 

D. P. mil adult. 

E. Sphaerodactylus parkeri adult. 
4 and B are amphicoelous, c. p and & are procoelous geckos. The broken lines drawn 
across the notochord indicate the ends of the centra. 
ahs, axial hypapophyseal spine. ¢, condyle. cart, uncalcified cartilage. cc, chordal 
cartilage. ect, calcified cartilage. eb, endochondral bone. icaz, axial intercentrum. 
acCe3, intercentrum of third cervical vertebra. ivc, intervertebral cartilage. nc, notochord. 
nes, notochordal sheath. od, odontoid process. pb, perichondral bone. 
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Camp (1923) stated that the condyles of gekkonid procoelous vertebrae fuse 
ventrally with the intercentra. This does not apply either to 8. parkeri or to P. milia 
in which the intercentra are quite separate from the condyles, and are attached as 
in amphicoelous forms to the intervertebral cartilage. Intercentra have also been 
observed in procoelous lizards other than the geckos. They occur in the Xantusoidea 
whose centra are like those of the amphicoelous geckos except for the development 
of a cup-and-ball articulation (Camp, 1923). In the agamid Uromastyx aegyptia 
six separate and successive intercentra are present in the cervical region (El-Toubi, 
1949), the first forming the ventral part of the atlas ring. They gradually decrease 
in size posteriorly and are described by El-Toubi as possessing distinct sutures with 
the centra. Discrete intercentra are also noted by the present author to occur in 
several genera of pygopods. 

In neither of the two procoelous species examined is procoely developed to the 
same extent in all the vertebrae of the column. In both species the mid-dorsal 
vertebrae show the greatest development of the procoelous condition, there being 
a gradual decrease in the size of the condyle and its corresponding cup in the more 
anterior and posterior regions of the column (Figs 1, 2). In 8. parkeri all the vertebrae 
from the axis to the end of the pygal region bear a well-developed condyle, with the 
exception of the two sacral vertebrae which are intimately fused. The cervicals 
and pygals of adult P. mili on the other hand differ only very slightly from the 
amphicoelous condition ; the condyles are very small and chordal constriction is 
slight. 

Procoely is not developed to the same extent in juvenile Phyllurus milii as it is in 
adults. In the dorsal region the condyles are small and chordal constriction has not 
yet begun (Fig. lc, D). The cervical condyles are even smaller (Fig. 2c, p), while 
the pygal vertebrae are amphicoelous. Postpygal vertebrae were present on only 
one adult specimen of P. milii and were amphicoelous. 

It is apparent that the vertebrae of Sphaerodactylus parkeri represent an early 
stage in the development of procoely in that they retain the intervertebral notochord 
and intercentra. Phyllurus milii, with its smaller condyles and greater intervertebral 
chordal diameter, represents an even earlier stage in the transition from amphicoely 
to procoely. 

Mahendra (1950) stated that the vertebral column of geckos is unique among 
lizards in closely resembling Sphenodon in many of its characteristics, among which 
he noted the notochordal amphicoelous vertebrae, the intercentra and the chordal 
plates. In the geckos, as in Sphenodon, each chordal plate is situated midvertebrally 
in the notochordal canal; it is cartilaginous tissue consisting in geckos of large, 
vacuolated cells embedded in a small amount of hyaline matrix, whereas in Sphenodon 
the cartilage is composed mainly of matrix in which are embedded small circular 
cells with a conspicuous rounded nucleus (Howes & Swinnerton, 1901). In both groups 
the chordal plate is endochordal in origin, and is probably formed by the differentiation 
of chordal tissue. The chordal sheath remains intact throughout the column, but in 
geckos it is very much thicker intervertebrally than it is around the chordal plate. 
In Sphenodon the chordal sheath is of uniform thickness, and lying internally to it 
is a structureless cuticle, except in the region of the chordal plates. This cuticle is 
the tunica chordae, which appears to represent the chordal epithelium. The tunica 
passes into the faces of the plates whose superficial portions stain correspondingly 
with it (Howes & Swinnerton, 1901). In geckos there is no modification of the chordal 
epithelium to form a tunica chordae ; the epithelium is retained into adulthood. 

With the exception of the atlas and the posterior caudal vertebrae, the neural 
arches articulate by means of zygapophyses, which lie close to the body of the vertebra. 
The facets are slightly curved in end view (Fig. 3p). In no gecko is there any indication 
of an additional articulation by means of zygosphenes and zygantra, such as occur in 
some of the other lacertilian groups and in the Ophidia. 
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The neural spines of geckos are inclined posteriorly throughout the column, 
with the exception of the axial spine which extends anteriorly and posteriorly over 
the ends of the axial neural arch, and the last pygal spine which in some species is 
vertical. The variation in the size and shape of the neural spines in the different 
regions of the body is discussed below. 


Vertebral Numbers 


Vertebral counts made on 130 Australian geckos, representing 12 genera and 21 
species are presented in Table I. For purposes of comparison, counts taken on 21 
non-Australian geckos representative of eight genera and ten Species are presented 
in Table IT. 

The presacral count throughout the available material was typically 26, with a 
range of 25-28. Two species, Phyllurus cornutus and P. platurus, have a typical 
count of 25, while of nine Phyllodactylus marmoratus, five have 27 presacral vertebrae 
and the remaining four have 28. 

The presacral series has been arbitrarily divided into cervical and dorsal series 
on the basis of rib structure. The term ‘ cervical ’ is often considered to be synonymous 
with * presternal ’, but will not be so regarded here. Eight presternals were found 
in every gecko examined, but only the anterior six are classified as cervical for, as 
Camp (1923) pointed out, the ribs of the eighth vertebra in lizards may join with the 
sternum, and those of the seventh and eighth vertebrae resemble the dorsal ribs 
more closely than those of the vertebrae preceding them. This is particularly obvious 
in the majority of geckos in which the ribs of the fourth, fifth and sixth vertebrae 
are structurally very different from those of the seventh and eighth. 

The first three cervical vertebrae are normally devoid of ribs, although incomplete 
rib elements were present on the third cervical of 25 specimens. Only one species, 
Phyllodactylus marmoratus, typically bore a pair of reduced ribs on the third cervical 
vertebra. The fourth, fifth and sixth vertebrae without exception, bore a pair of 
normal ribs. 

The lumbar vertebrae are those immediately presacral vertebrae whose ribs are 
either lacking or reduced. In the material examined, the number of lumbar vertebrae 
varies from one to three. 

The sacral count was found to be typically two, except in the genus Nephrurus. 
Six of the eight specimens of this genus had three sacral vertebrae, one specimen 
had two, and the remaining specimen had four. Three of the 33 Phyllurus platurus 
also possessed three sacral vertebrae. 

The pygal vertebrae, i.e. those anterior caudals devoid of fracture planes, were 
predominantly five in number, although four pygals seem typical of Nephrurus laevis 
and Phyllurus milit, and four, five or six pygals may occur in Hemidactylus frenatus. 
Four pygal vertebrae are also found occasionally in other species. 

An exact evaluation of the postpygal vertebrae could not be made as many of 
the specimens had lost at least part of the tail by autotomy ; consequently the post- 
pygal vertebral count has not been tabulated. In those specimens with a complete 
tail, the postsacral count was approximately 30. In specimens which had undergone 
autotomy, there was usually a completely regenerated tail whose axial skeleton 
consisted of a cartilaginous tube. 

Twenty-two postsacral vertebrae were present in the only specimen of Nephrurus 
asper with a complete tail ; this tail was very short, being only one-sixth of the total 
length of the animal. JV. asper is the only species in which caudal fracture planes 
are completely absent, and whose tail is therefore incapable of autotomy. 


Atlas (Figs 3 and 4) 


The atlas consists of the paired neural arches and the intercentrum of the first vertebra, 
the atlantal centrum having been incorporated into the axis as the odontoid process. 
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TaBLE II.—Vertebral counts on non-Australian geckos 
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The neurapophyses are united to the intercentrum by uncalcified cartilage in embryo- 
nic, juvenile and adolescent forms, but in adults these elements usually fuse together 
to form a bony ring. In a juvenile specimen of Phyllurus platurus it was found that 
a strong ligament, in addition to the cartilage, connected the intercentrum to the 
neurapophyses (Fig. 3B). In adult Hemidactylus frenatus the components of the atlas 
fuse intimately, but there is a thin ligament lying ventrally across the suture (Fig. 
3a). Mahendra (1950) maintained that in H. flaviviridis the connection is by means 
of a ligament only, while in the New Zealand geckos (Stephenson & Stephenson, 
1956) the atlantal elements fuse. 

Anteriorly the intercentrum and arch pedicels together bear a semicircular facet 
for articulation with the single occipital condyle, while in a comparable position on 
the posterior surface is the articular facet serving the odontoid process. Investing 
poth these facets is a thin layer of uncalcified cartilage. The cavity enclosed by the 
atlas is divided horizontally, by a strong ligamentous band connecting the neura- 
pophyses, into a dorsal neural canal and a ventral canal into which fits the odontoid 
process (Fig. 34, B). 

The atlantal intercentrum usually bears a median ventral spine, which varies 
in its development in different species and, to a large extent, within species. In the 
Australian forms it may be a knob, a spine or a laterally compressed blade, but in 
most cases it is relatively small. In many of the other geckos examined, particularly 
in Aristelliger (Fig. 44), the atlantal hypapophyseal spine is very large. 

The atlantal neurapophyses fail to fuse dorsally in many species, a condition 
believed by Mahendra (1950) to be primitive (Fig. 34, B, ©). Underwood (1954) 
considered this view to be untenable, since the condition occurs largely in amphi- 
coelous geckos. However, in 1955 Underwood reversed his opinion, stating that he 
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Fie. 3.—Cervical vertebrae. 


A. Hemidactylus frenatus adult, anterior view of atlas. 

B. Phyllurus platurus juvenile, posterior view of atlas. 

©. Peropus variegatus adult, dorsal view of first four cervical vertebrae. 

D. Phyllurus platurus adult, anterior view of sixth cervical vertebra. 
ahs, atlantal hypapophyseal spine. ansp, axial neural spine. arr, anterior ramus of 
cervical rib. cart, uncalcified cartilage. cct, calcified cartilage. cn, centrum. co, canal 
which encloses odontoid process. pt, capitulum of rib. ptf, capitular facet. fa, facet 
which articulates with axis. fo, facet which articulates with occipital condyle. hl, hori- 
zontal ligament. ic, intercentrum. 1, ligament. nap, neural arch pedicel. nat, atlantal 
neurapophyses. mca, neural canal. nce notochordal canal. nsp, neural spine. oc, occipital 
region of skull. para, parapophysis. pre, proximal rib. prr, posterior ramus of cervical 
rib. prz, prezygapophysis. p2, postzygapophysis. sc, spinal cord. swt. suture. tl, tuber- 
cular ligament. vic, branch of ventral ligament to centrum. vli, branch of ventral ligament 
to intercentrum. 
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then considered the paired atlantal neurapophyses to constitute a primitive character. 
Lack of fusion in this region has also been recorded in H. oplodactylus and Naultinus 
(Stephenson & Stephenson, 1956). In the Australian genus Nephrurus, only immature 
specimens exhibit this lack of fusion, The adult atlas is completely roofed over 
although a suture may be present. This condition also occurs in Phyllwrus milii 
whereas in P. platurus and P. cornutus the neurapophyses remain separate throughout 
life. Other Australian geckos in which there was a tendency for fusion of the atlantal 
neurapophyses were Diplodactylus strophurus, D. tessellatus, D. vittatus, Ebenavia 
hornt, Ocedura lesueurii, O. marmorata and Phyllodactylus marmoratus. Of the non- 
Australian geckos, fusion was found to exist in Gekko vittatus, Hemidactylus garnoti, 
Phyllodactylus giinthert, Gonatodes fuscus, Sphaerodactylus parkert and all three 
species of Lepidodactylus. Fusion of the atlantal neurapophyses occurs only in adult 
specimens ; during the immature stages the arches of all species remain separate. 

In those geckos with fused atlantal neurapophyses, there is little, if any, develop- 
ment of a neural spine. It was best developed in Gonatodes fuscus, where it took the 
form of a very low, narrow ridge. In Carphodactylus laevis and several specimens 
of Hemidactylus frenatus, in which the atlantal arch is not fused, the separate neura- 
pophyses extend dorsally into very low spines. 

In most geckos the atlantal neurapophyses bear a horizontal, posteriorly-curved 
process situated at the angle formed by the stout arch pedicel and the plate-like 
dorsal lamina. It is in this position on the subsequent vertebrae that the zygapophyses 
lie, and on this basis the processes on the atlas are here considered to be serially 
homologous with the following postzygapophyses. There is no articulation between 
the atlantal and axial neural arches (Figs 30, 4). Adult Nephrurus alone lack large 
atlantal postzygapophyses, these processes being represented by low horizontal 
ridges. In immature stages however, they are the well-developed structures typical 
of the adults of other genera. 

The atlantal arch pedicels of most geckos are swollen just above their junction 
with the intercentrum (Figs 34, 4B). In Gonatodes, Sphaerodactylus and. Hemidactylus 
there is a well-developed ridge in this position, and in one specimen of Lepidodactylus 
woodfordii, a small pointed spine. These processes serve for the attachment of liga- 
ments and muscles and are considered here, although they have never been observed 
* to bear ribs, to be serially homologous with the parapophyses of the other vertebrae. 
Ribs have been found on the first two vertebrae of fossil rhynchocephalians, and it is 
probable that in early lepidosaurs, ribs were present on every vertebra to the proximal 
caudal region (Romer, 1956). In the geckos, only the parapophyses on the vertebrae 
remain, the ribs having disappeared. 


Axis (Figs 2, 3, 4 and 5) 


The axis is a compound structure consisting not only of paired neurapophyses, a 
centrum and intercentrum, but incorporating the atlantal centrum as well (Fig. 2). 
The atlantal centrum (odontoid process or dens epistrophei) is attached anteriorly 
to the axial centrum and intercentrum, and forms a peg on which the atlas rotates. 
In adult specimens the components of the axis are intimately fused, but in juvenile 
or even more adolescent specimens they are joined together by cartilage. The odon- 
toid process widens posteriorly, so that the bulk of it overlies the large axial inter- 
centrum. 

In embryonic specimens the notochord extends unbroken through the dens into 
the occipital region of the skull. It is later constricted and severed within the dens 
as the latter becomes rounded to form a condyle. This is the only point throughout 
the length of the column of amphicoelous geckos, and of the procoelous species 
Sphaerodactylus parkert and Phyllurus milii, at which the notochord is interrupted. 
In juvenile and even more adolescent geckos, the part of the chordal canal situated 
in the narrow anterior portion of the odontoid process becomes obliterated by cartilage, 
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Fig. 4. 
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into which is incorporated the odontoid chordal cartilage (Fig. 24, c). At this stage 
a small depression on the anterior surface of the process indicates the position of the 
notochord before it was severed. In adult specimens a core of endochondral bone has 
formed in the anterior part of the dens (Fig. 28, D, ) ; only the wide posterior portion 
of the dens retains true notochordal tissue surrounded by the chordal sheath. Mahen- 
dra (1950) described in Hemidactylus flaviviridis ‘a peculiar prominent process 
projecting forwards from its (the odontoid process’s) dorsal portion’. This process 
is in fact the narrow anterior portion of the odontoid process of which it is an integral 
part. Overlying the anterior and lateral surfaces of the dens and the anterior face 
of the axial intercentrum is a layer of resilient cartilage forming a smooth surface 
on which the atlas articulates. This cartilaginous layer is thin except on the anterior 
extremity of the dens, where it is thickened to provide a cushion for articulation 
with the occipital condyle. 

Although the axial centrum is somewhat broader than those of the following 
cervical vertebrae, its structure is essentially the same. In amphicoelous genera 
it contains persistent notochord which is continuous with that of the odontoid process 
and third cervical vertebra. Piercing the centrum ventrally is a pair of small foramina 
for the passage of blood vessels. The posterior surface is concave in all the amphicoelous 
specimens examined. There is no process, similar to that described by Mahendra 
(1950) in Hemidactylus flaviviridis, to articulate with the third vertebra except in 
the procoelous species Sphaerodactylus parkert and Phyllurus milic. 

The axial intercentrum is the largest in the column (Figs 24, c; 4a). In adult 
specimens it is fused, together with the odontoid process, to the anterior surface of 
the centrum (Fig. 2B, D, B). It is usually produced ventrally into a prominent hypa- 
pophyseal spine, ridge, or knob to which are attached subvertebral muscles and liga- 
ments. There is only one such hypapophysis on the axis. Mahendra (1950) described 
two hypapophyses in Hemidactylus flaviviridis ‘the anterior one belonging to the 
odontoideum and the posterior to the centrum of the axis’, but such a condition is 
not possible in normal individuals. The hypapophysis belonging to the odontoideum 
is the atlantal intercentrum which is attached to the atlantal neurapophyses. The 
hypapophysis lying ventrally to the odontoideum belongs to the axis. The second 
axial hypapophysis described by Mahendra may possibly be the intercentrum of the 
third cervical vertebra which has become fused to the posterior end of the axial 
centrum, although no such fusion of the third intercentrum has been noted by the 
present author in any of the specimens examined. 

Each axial arch pedicel frequently bears a low ridge or parapophysis sloping up 
and back, close to its junction with the centrum (Fig. 4). In Sphaerodactylus, H emt- 
dactylus and Lepidodactylus the parapophyses are prominent and knife-edged, while 
in a juvenile specimen of Aristelliger praesignis they were seen to extend ventrally 
onto the centrum. In no gecko has the axis been noted to bear ribs. 

The anterior edge of the axial neurapophyses may bear a small process lying in 
the plane of the arch or projecting laterally for a short distance (Figs 4B, 54). These 
processes are reduced and non-functional prezygapophyses ; they are most pro- 
nounced in Carphodactylus and Phyllurus and are absent from Nephrurus, Ebenavia, 
ee rr ea 
Fic. 4.—Lateral view of cervical vertebrae. 

A. Aristelliger praesignis juvenile. 
s. Hemidactylus frenatus adult. 


ahs, atlantal hypapophyseal spine. arr, anterior ramus of cervical rib. axhs, axial hypa- 
pophyseal spine. cct, calcified cartilage. en, centrum. cpt, capitulum of rib. drb, bifurcated. 
distal rib. ica, atlantal intercentrum. icax, axial intercentrum. svc, intervertebral cartilage. 
nap, neural arch pedicel. nat, atlantal neuropophyses. 1s, neurocentral suture. nsp, 
neural spine. od. odontoid process. para, parapophysis. pre, proximal rib. prr, posterior 
ramus of cervical rib. prz, prezygapophysis. pz, postzygapophysis. sef, subcentral 
foramen. #l, tubercular ligament, vlc, branch of ventral ligament to centrum. vli, branch 
of ventral ligament to intercentrum. 
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Fic. 5.—Lateral view of cervical and dorsal vertebrae. 


A. Oedura lesueurii adult ; presternal vertebrae. 
B. Sphaerodactylus parkeri adult ; atlas, axis and third cervical vertebra. 
Cc. Gonatodes fuscus adult ; sixth cervical and first dorsal vertebrae. 


ahs, atlantal hypapophyseal spine. axhs, axial hypapophyseal spine. c, condyle. cct, cal- 
cified cartilage. cpt, capitulum of rib. drb, bifurcated distal rib. dre, distal rib. hs, hypa- 
pophyseal spine. vc, intervertebral cartilage. J, ligament. mnsp, neural spine. od, 
odontoid process. para, parapophysis. pr, bony process. pre, proximal rib. prz, pre- 
zygapophysis. pz, postzygapophysis. rr, rudimentary rib. ¢l, tubercular ligament. vlc, 
branch of ventral ligament to centrum. vli, branch of ventral ligament to intercentrum. 
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Rhynchoedura and the three Jamaican forms. The New Zealand geckos (Stephen 

& Stephenson, 1956) and Hemidactylus flaviviridis (Mahendra, 1950) also Teer 
axial prezygapophyses. 

__ The axial neurapophyses of adult geckos are fused mid-dorsally and are prolonged 
into a large neural spine. This spine is almost always taller than those of the following 
cervical vertebrae, and takes the form of a longitudinal blade projecting anteriorly 
and posteriorly over the ends of the arch. The neural arches of the axis and atlas are 
frequently quite widely separated from one another, so that the reduced and modified 
zygapophyses are incapable of articulation( Figs 30, 4). In addition, the atlantal 
neurapophyses are frequently widely separated from the skull. These spaces are 
devoid of cartilage, but are covered over by thin sheets of connective tissue. Such 
spacing of the anterior cervical elements together with the lack of articulation between 
the atlantal and axial neural arches permits greater freedom of movement of the 
atlas on the odontoid process. 


Third, Fourth, Fifth and Sixth Cervical Vertebrae (Figs 3, 4 and 5) 


The remaining cervical vertebrae are basically identical in structure, differing only 
in the ribs associated with them. Low parapophyses in the form of diagonal ridges 
are present on the third cervical vertebra of some genera, and are particularly well 
developed in Gonatodes fuscus, Aristelliger praesignis, Hemidactylus frenatus and 
occasionally in the three species of Phylluwrus. When ribs are present on the third 
cervical vertebra they are rudimentary, and most frequently appear only on one 
side of the body (Fig. 5a). They usually consist only of the proximal bony shaft 
which is attached to the vertebra by a ligament or a band of cartilage. When the 
distal portion of the rib is present, it is in the form of a small cartilaginous rod fused 
to the end of the proximal shaft. It is sometimes calcified but never bifurcated. A 
pair of ribs occurs occasionally on the third cervical of Oedura lesweurt, Peropus 
variegatus, Gekko vittatus, Lepidodactylus woodfordii and was present in the single 
specimen of Sphaerodactylus parkeri examined (Fig. 58). All nine specimens of 
Phyllodactylus marmoratus available for study had paired, reduced ribs on the third 
cervical vertebra. 

The fourth, fifth and sixth cervical vertebrae bear paired ribs (Figs 3p, 4, 5a). 
Each rib has a single head which articulates with the parapophysis of the neural 
arch. A ligamentous band connects the head of the rib to the neural arch just above 
the articulation. Ventral to the articulation is a similar ligament joining the shaft 
of the rib to the intercentrum, with a smaller branch to the anterior margin of the 
centrum. The three pairs of ribs increase in length rostrocaudally but never meet the 
sternum. 

Each rib consists of a bony proximal portion attached to the vertebra, and a 
distal cartilaginous part joined to the proximal shaft. In most genera this distal 
piece is bifurcated. Nephrurus, Carphodactylus and Phyllurus milit are exceptions, 
for in these forms none of the cervical ribs is bifurcate ; the distal portion of the rib 
in each case consists of a single rod of cartilage. This undivided condition of the 
cervical ribs was also found in one of the 33 specimens of Phyllurus platurus. In 
some genera, namely Diplodactylus and Rhynchoedura, and occasionally in P. platurus, 
the ribs belonging to the fourth vertebra may bear an undivided distal portion, 
while those of the fifth and sixth vertebrae are bifurcate. In Naultinus (Stephenson 
& Stephenson, 1956), the cartilaginous process on the rib of the sixth vertebra is 
a single, slender, elongate structure, whereas those of the more anterior ribs are 
forked. 

Not only are there differences between species in the occurrence of forking in 
the cervical ribs, but there is also variation in the relative size of the two rami compos- 
ing them. In the Jamaican genera Aristelliger, Gonatodes (Fig. 5c) and Sphaerodactylus, 
and in Hemidactylus (Fig. 4B) and Lepidodactylus the rami are large and almost 
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equal in size, whereas in the other genera examined the anterior ramus is considerably 
longer than the posterior one, the ratio progressively increasing in the more posterior 
cervical ribs. The ratio is greatest in the third cervical rib of Phyllurus platurus 
(Fig. 3D), where the anterior ramus may be as much as six times as long as the other. 
Both the proximal and the distal portions of the cervical ribs increase in size rostro- 
caudally to give an overall increase in rib length. 

In the Jamaican geckos (Fig. 5c) and in Hemidactylus, Peropus and Lepidodactylus 
there is a thin, triangular, bony blade extending posteriorly from the proximal 
portion of the ribs of the seventh vertebra (first of the dorsal series). It is in these 
forms that the most marked difference exists between the proximal shafts of the cervi- 
cal and dorsal ribs. The former are short and broadly expanded for the attachment 
of the distal bifurcated process, whereas the ribs of the dorsal series are typically 
long slender structures curving round the body. The triangular process on the first 
pair of dorsal ribs appears to indicate a transitional state between the ribs of the 
cervical and dorsal series. 

Romer (1956) maintained that ‘the rib structure seen in seymouriamorphs, 
such as Seymouria and Kotlassia, can reasonably be regarded as a primitive reptilian 
pattern ’. The proximal portion of the cervical ribs, with the exception of the atlantal 
pair, is expanded, ‘ presumably for the origin of the serratus and levator scapulae 
muscles’. The expansion of the cervical ribs in some geckos is comparable to the 
condition in the seymouriamorphs, so that there may have been broad cartilaginous 
processes (which do not readily fossilize) attached to the cervical ribs of the seymouria- 
morphs as there are in geckos. On the eighth and ninth (anterior dorsal) ribs of 
Kotlassia there are posteriorly directed bony processes (Romer, 1956, fig. 137) which 
are similar to those seen in some geckos. It would appear then that the anterior dorsal 
ribs of seymouriamorphs, as well as some geckos, show a condition transitional 
between the short expanded cervical ribs and the longer, more cylindrical ribs of 
the dorsal series. 

Mahendra (1935 b, 1950) described delicate, backwardly projecting processes, 
which he called ‘ uncinate processes’, on the ribs of the fourth, fifth, sixth and in 
some cases, the seventh vertebrae of Hemidactylus flaviviridis. If the condition of 
the cervical ribs of H. flaviviridis is comparable to that in H. frenatus and H. garnoti, 
then the first three ‘ uncinates ’ are cartilaginous, belonging to the distal portion of 
the rib, while the fourth ‘ uncinate’, on the rib of the seventh vertebra, is a bony 
flange on the proximal part of the rib. Furthermore, there is no suture between any 
of the processes and its accompanying rib so that fusion must have occurred while the 
sternal rib and the ‘ uncinate’ were still sclerotogenous or procartilaginous tissue. 
In the case of the fourth pair of ribs, fusion could have occurred no later than the 
cartilagmous stage. There is no indication of ‘ uncinate processes ’ on the ribs of the 
eighth or following vertebrae. 

The term ‘ uncinate ’ to describe these processes cannot be used indiscriminately, 
as Stephenson & Stephenson (1956) point out. Uncinate processes typically arise 
from the proximal portion of the sternal and poststernal ribs, not from the distal 
cartilagious portion of the cervical ribs where the so-called ‘ uncinates’ are found 
in the majority of geckos. Only in Aristelliger, Gonatodes, Sphaerodactylus, Lepido- 
dactylus, Hemidactylus and Peropus of the 20 genera examined was there found an 

uncinate process ’ in its typical position on the proximal part of the rib, and even 
here it is still presternal. Until developmental studies can clarify the situation, it 
seems undesirable that the term ‘ uncinate’ be applied to these processes in geckos. 
It is more likely that the bifurcated cervical ribs have been modified in this way for 
the attachment of muscles, and that the process on the fourth pair of ribs in some 


ears indicates a transitional state between the cervical and dorsal ribs, as is described 
above. 


In Nephrurus asper and Phyllurus milii there is a pronounced knob on the anterior 
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edge of the proximal portion of the cervical ribs. In the other species examined the 
proximal shaft is smooth ; the function of the knobs is at present obscure. 

Calcification of the distal portions of the cervical ribs is of common occurrence 
im adult geckos, as noted also by Stephenson & Stephenson (1956) in Naultinus 
and Hoplodactylus. No calcification occurs in newly-hatched juveniles, but gradually 
takes place during the subsequent growth of the animal. The anterior ramus, if 
either, is the more heavily calcified of the two, and calcification of the distal portion 
as a whole is more marked in the posterior pair than it is in those preceding. At no 
time do they ossify ; they remain cartilaginous, though they may be very heavily 
calcified in fully adult specimens. 

In all the cervical vertebrae, except the atlas, there is a pair of small foramina in 
the centrum for the passage of blood vessels. In one specimen of Phyllurus platurus 
there were apertures in the neural arch pedicels and in the axial intercentrum as 
well. The occurrence of these foramina is discussed below in a separate section. 

The cervical intercentra are typically larger than those in the rest of the pre-pygal 
region, and each is prolonged ventrally into a hypapophyseal spine (Figs 4, 5). They 
decrease in size posteriorly to become small, flat, oval elements similar to those of 
the dorsal region. In the Australian genera, none of the cervical intercentral spines 
is very large, and the first dorsal intercentrum is flat. In Gonatodes, Aristelliger 
and Hemidactylus the cervical intercentra bear very long hypapophyseal spines, 
and smaller spines are present on the anterior dorsal intercentra. 

The cervical neural arches, excluding the atlantal arch, generally lie close together 
in adult specimens to form a continuous shield above the spinal cord. Exceptions 
to this were found in Heteronota, Lepidodactylus, Peropus (Fig. 3c) and Hemidactylus 
garnott in which there is a considerable space mid-dorsally between the successive 
arches, which is covered over by a thin connective tissue sheet. In juvenile specimens 
generally, the cervical neural arches are more widely spaced than they are in adults. 
The cervical neural spines usually differ somewhat in shape from those of the more 
posterior vertebrae. Apart from the atlas and axis, the remaining cervical spines 
are often rounded dorsally, in contrast with the triangular or trapezoid spines of 
the dorsal region. 


Dorsal Vertebrae (Figs 5 and 6) 


The vertebrae of the dorsal region typically bear paired, articulated ribs consisting, 
like those of the cervical vertebrae, of proximal and distal portions. The proximal 
part of the rib is bone, while the distal or sternal part is always cartilaginous, and 
is usually heavily calcified. The term ‘sternal’ is more appropriately applied to 
those ribs connected with the sternum, but it is frequently used also to denote the 
distal portion of all the ribs in the column. wae 
The ribs of the seventh and eighth vertebrae, i.e. the first two pairs of ribs in 
the dorsal series, are long, curving round the body so that their distal extremities 
are ventral in position, but are not united with the sternum (Fig. 54, c). The distal 
processes of these ribs are short cartilaginous rods which are always single, non- 
bifurcate structures; they are not calcified in juvenile specimens, but are often 
heavily calcified in adults. The distal portions of the following three to six pairs 
of ribs unite with the sternum, the more anterior ones directly with the sternal plate 
and those behind with the xiphisternum. There is considerable generic variation 
in the number of ribs connected independently with the sternal plate and in the 
number joined to form a xiphisternum. 
The poststernal ribs end freely in the body wall, the more anterior of them terminat- 
ing midventrally close behind the xiphisternum. They shorten rostrocaudally so 
that the posterior ribs in the dorsal series terminate in the dorsal body wall only 
a short distance from the vertebral column. In some genera the decrease is gradual, 
while in others it is in some degree abrupt in the region of the twentieth presacral 
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Fia. 6.—Nineteenth vertebrae of adult geckos, showing correlation between size of crest and length 
of presacral column. The diagram above each vertebra is a plan of the neural spine in 
dorsal view. 

A. Phyllodactylus giintheri, presacral column = 58 mm. 
B. Phyllurus platurus, 59 mm. 

c. Peropus oceanicus, 60 mm. 

D. Phyllurus milii, 64 mm. 

E. Gekko vittatus, 66 mm. 

BF. Nephrurus asper, 77 mm. 

G. Carphodactylus laevis, 83 mm. 

H. Phyllurus cornutus, 90 mm. 


c, condyle. en, centrum. cptf, capitular facet. dia, diapophysis. éc, intercentrum. la, crest. 
nap, neural arch pedicel. nsp, neural spine. prz, prezygapophysis. pz, postzygapophysis. 
sef, subcentral foramen. fla, point of attachment of tubercular ligament. vla, point of 
attachment of ventral ligament. 
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vertebra. There tends to be little mobility in these posterior dorsal ribs, since the 
respiratory movements of the body wall occur more in the anterior part of the trunk. 

No traces of abdominal ribs (gastralia) have been detected in any of the geckos 
examined, although according to Mahendra (1950), such ribs are present in the super- 
ficial parts of the rectus muscle of Hemidactylus flaviviridis. 

The ribs of the dorsal series, like those of the cervical region, articulate by means 
of a single head with the parapophysis of the vertebra. As with the cervical vertebrae, 
the parapophyses of the dorsal series arise from the neural arch, although in some 
genera they appear to extend onto the centrum. It is not possible to ascertain the 
exact position of the parapophyses in adult material but juvenile or embryonic 
specimens of Phylluwrus, Peropus, Oedura, Nephrurus, Ebenavia, Hemidactylus, 
Lepidodactylus and Aristelliger showed the parapophyses to be situated on the neural 
arch alone. 

Dorsal to the articulation there is a ligament connecting the shaft of the rib to 
the neurapophysis, below the level of the zygapophyses. There is sometimes a small 
tubercle, or diapophysis on the neurapophysis at the point of attachment of this 
dorsal ligament. Ventral to the articulation there is a ligament connecting the shaft 
of the rib to the centrum. In the anterior part of the dorsal series there is a transition 
between the type of rib attachment pertaining to the cervical series and that of the 
more posterior region of the trunk (Fig. 5a, c). The insertions of the dorsal ligament 
move higher up the neural arch and out along the rib shaft respectively, while a 
change takes place in the relative importance of the two branches of the ventral 
ligament. In the cervical region the main part of the ventral ligament is attached 
to the intercentrum, whereas in the anterior dorsal region the branch to the centrum 
becomes the major one, and the branch to the intercentrum gradually disappears 
altogether. 

The lacertilian rib is typically holocephalous, and Romer (1956) maintained that 
the head of the rib probably consists of the fused tuberculum and capitulum. Such 
an interpretation is doubted in the case of the New Zealand geckos, in which a 
ligamentous band was found to connect the shaft of the rib to the neural arch (Stephen- 
son & Stephenson, 1956). This band, when sectioned, was found to be distinctly 
bony. Noble (1921) found a cartilaginous or fibrocartilaginous band in Sphaerodactylus, 
a cartilaginous band in Lathrogecko, Lepidoblepharis and the neotropical species of 
Gonatodes, and a ligament in all the other lacertilians he examined. Both Noble and 
the Stephensons believe that this dorsal ligament is a reduced tuberculum and the 
head of the rib the capitulum. 

The neural spines of the dorsal region are fairly constant in size and shape, with 
the occasional exception of the spine belonging to the seventh (first dorsal) vertebra, 
which may be stouter than those of the adjacent vertebrae. The greatest development 
of the first dorsal neural spine was found in Gonatodes fuscus (Fig. 5c). 

Except in the genera Carphodactylus and Phyllodactylus, the neural spies of the 
remaining dorsal vertebrae are low, relative to the size of the vertebrae. In all the 
material examined, with the exception of Carphodactylus, Gekko, Phyllurus and 
Nephrurus, the spines in this region are approximately triangular in lateral view, 
the longest side of the triangle forming the dorsal edge of the spine, and the apex 
flattened or rounded for the insertion of muscles and ligaments. The neural spines 
of Phyllodactylus, though tall, are triangular in lateral view, with the crest or ligament 
attachment area occupying only the apex of the spine. In the other genera mentioned 
above, the neural spines are trapezoid, their dorsal edges forming a horizontal surface. 
Fig. 6 indicates the major variations in the size and shape of the neural spines and 
their crests. 

Romer (1956) suggested that the relative size of the neural spines within a given 
group of reptiles may be correlated exponentially with the absolute size of the animal, 
presumably in relation to the accessory supporting function of the spines. The largest 
gecko examined was Phyllurus cornutus, which has relatively low neural spines with 


320 LYNETTE A. HOLDER : [J.L.S.Z. 


large crests. Oarphodactylus, which is somewhat smaller than P. cornutus, also has 
large crests but has very tall neural spines. Phyllodactylus giinthert is smaller again, 
but it too possesses tall neural spines. The crests in this species however are compara- 
tively small. Hence it seems that, in the available material at least, the size of the 
ligament insertion, rather than the size of the spine as a whole, may be correlated 
exponentially with the absolute size of the animal. This correlation appears to be 
valid only in those species whose adult presacral column exceeds 60 mm. In species 
smaller than this, the size of the ligament insertion seems to be constant relative to 
the size of the vertebra. ; ; 

Lying ventrally between successive centra of the dorsal region are discrete inter- 
central elements, which are oval plates of bone attached to the intervertebral cartilage. 
The intercentra of the dorsal region are typically flat, unlike the more anterior 
cervical intercentra which bear a hypapophyseal spine. Only in Gonatodes, Aristelliger 
and Hemidactylus were there hypapophyseal spines on the intercentra belonging to 
the dorsal vertebrae ; they occur on the first few intercentra of the series, and decrease 
in size posteriorly so that the more posterior intercentra are the typical flat discs of 
bone. 


Lumbar Vertebrae 


As mentioned in the section on vertebral numbers, the lumbar vertebrae are defined 
here, for the sake of convenience, as those vertebrae immediately preceding the 
sacrum which are devoid of any discernible rib elements or whose ribs are reduced 
in some respect. Tables I and II show that the number of lumbar vertebrae varied 
between one and three. 

A lumbar rib may be reduced in one or more of the following ways :— 


(i) It may occur on only one side of the body. 

(ii) It may lack a normal connection with the vertebra ; that is, there is 
no clearly defined rib-head articulating with the parapophysis, and the liga- 
ments lying above and below the articulation are absent. Instead the rib 
element may be ankylosed to the parapophysis or joined to it by a single 
ligament or a band of cartilage. 

(iii) It may consist only of the proximal bony portion which may be normal 
in size and shape, lacking only the distal cartilaginous part, or it may be 
reduced to a small splint or knob of bone. 


In general the vertebra immediately before the sacrum is devoid of ribs. In 
specimens with three lumbar vertebrae there may be rib elements on the first two 
vertebrae of the series. In such cases the ribs of the second vertebra are almost 
always reduced further than those of the first. Only two exceptions, both Phyllurus 
platwrus, were found to these generalizations. One specimen had ribs on both 
lumbar vertebrae, so that there was no break in the presacral rib series, and the ribs 
of the second lumbar were larger than those of the first. In the other specimen ribs 
were present on the first and third lumbar vertebrae but not on the second. 


Sacrum (Figs. 7 and 8) 


In the majority of geckos two vertebrae are modified for the support of the pelvic 
girdle. According to Romer (1956) two sacral vertebrae are typical of eosuchians 
and rhynchocephalians and occur in all lizards with well-developed limbs. In Phyllurus 
platurus, however, occasional specimens have three sacral vertebrae. Three sacrals 
seem typical of Nephrurus laevis, occurring in four out of five specimens examined 
while four sacrals were present in one specimen of N. asper. , 

Each sacral vertebra bears a pair of large processes, usually referred to as ‘ trans- 
verse processes ’, which consist of two distinct portions :—a proximal bony shaft 
projecting from the neural arch, and a distal cartilaginous portion fused to the proxi- 
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Fie. 7.—Sacral vertebrae. 
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A. Gonatodes fuscus adult, dorsal view. 

B. Phyllodactylus marmoratus juvenile, ventral view of abnormal sacrum. 
fdc, fused distal cartilaginous portions of sacral ribs. ic, intercentrum. ‘vc, intervertebral 
cartilage. ns, neurocentral suture. nsp, neural spine. plp, pleurapophysis. ,8, first pygal 
vertebra incorporated into sacrum. pr, process on pleurapophysis of second sacral vertebra. 


pre, proximal rib element. prz, prezygapophysis. pz, postzygapophysis. 1, 82; sacral 
vertebrae. sut, suture. 
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mal shaft. The cartilaginous portions of the sacral processes on each side of the column 
fuse into a single mass which takes the form of a large expanded. blade. 

There has been considerable controversy in the past regarding the nature of the 
sacral ‘ transverse processes ’ in the Lacertilia, but the current opinion 1s that they 
consist of fused parapophyses and rib elements and should therefore be termed. 
‘ pleurapophyses ’. Moodie (1907) maintained that there are no sacral ribs in modern 
lizards. The ilia are always attached directly to the transverse processes of the two 
sacral vertebrae’. However, in a subsequent paper (1909), Moodie considered that 
a study of the stages of chondrification may indicate the presence of sacral ribs, 
and El-Toubi (1947) and Kamel (1951) reported the undoubted presence of sacral 
rib elements in Agama stellio and Chalcides ocellatus respectively. Nevertheless some 
recent workers, including Mahendra (1950) and Romer (1956), still maintain that 
lizards have no sacral ribs. , 

Kamel (1951), describing the sacral region of Chalcides ocellatus in embryos 
varying in length from 14 to 45 mm., found that ‘sacral ribs are quite distinct and 
separate from the transverse processes. Each rib is a compound one formed from 
a dorsal (proximal) rib rudiment and a ventral (distal) rib rudiment which fuse 
early in the connective tissue stage ’. The sacral rib chondrifies and unites with the 
transverse process of the first sacral vertebra. Kamel maintains that this rib fuses 
to the transverse process of the following vertebra as well and articulates with the 
ilium. According to Kamel’s description, the transverse processes (or more accurately, 
parapophyses) from the two sacral vertebrae are long, and form the greater part of 
the length of the sacral processes. Only the distal portion of each sacral pleurapo- 
physis is costal in origin. 

Sacral ribs are also present in geckos and consist of proximal and distal elements 
fusing to the vertebra during early embryonic stages. However, the construction 
of the gekkonid pleurapophyses differs considerably from that described by Kamel 
(1951) in Chalcides ocellatus. Direct evidence for the occurrence and structure of 
the sacral ribs in geckos comes from two juvenile specimens of Nephrurus (N. asper 
(Fig. 8a) and NV. laevis) and from a juvenile specimen of Phyllodactylus marmoratus 
with an abnormal sacrum (Fig. 7B). In the two specimens of Nephrurus faint sutures 
were present on the proximal bony shaft of all four and three pairs of pleurapophyses 
respectively. The portions of the pleurapophyses lying distally to these sutures 
thus constitute the sacral ribs. The specimen of Phyllodactylus had a small piece of 
bone attached to the inner surface of the distal cartilaginous mass on one side of 
the body, anteriorly to the first pleurapophysis. There is little doubt that this element 
is the proximal portion of a rib which, owing to the abnormal development of the 
sacrum, has not become connected to its vertebra. 

It is apparent then that sacral ribs occur in geckos, and that they consist of proxi- 
mal bony and distal cartilaginous portions like the more anterior presacral ribs. 
The proximal portion of each rib constitutes the greater part of the bony shaft of the 
sacral pleurapophyses, while the distal portions of the ribs on each side of the body 
fuse together to form the mass of cartilage apposing the ilium. Calcification of this 
cartilage often takes place in adult geckos, and there is usually a calcification centre 
to correspond to each of the sacral pleurapophyses. As in the case of the presacral 
ribs, the distal cartilage of the sacral ribs does not ossify. 

Fusion of the gekkonid sacral ribs to their vertebrae must occur during the early 
stages of embryonic development, in most genera no later than the cartilaginous 
stage, since sutures between rib and vertebra are so rarely found, even in newly 
hatched specimens. In the youngest specimen examined, a serially sectioned embryo 
of Peropus variegatus whose notochord was still continuous between the odontoid 
process and the skull, there was no sign of a suture between the sacral rib and the 
vertebra. Yet in juvenile geckos the three components of the innominate bone of the 
pelvis are clearly distinguishable from one another, even though perichondral ossi- 
fication is well advanced. In Sphenodon fusion of the sacral ribs to their vertebrae 
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takes place much later than it does in geckos. In juvenile specimens with advanced 
perichondral ossification there is still a distinct suture between each sacral rib and 
its neural arch and centrum. Fusion of the distal cartilaginous portions of the sacral 
ribs takes place in Sphenodon (Howes & Swinnerton, 1901), as it does in geckos. 

Although the number of sacral vertebrae varies in the geckos, the most anterior 
is almost invariably the largest in both size of the body of the vertebra and the size 
of the pleurapophyses. The body of the second vertebra is somewhat smaller, but 
when there are only two sacral vertebrae, the pleurapophyses are always expanded 
distally, and may closely approximate the size of the first pair of pleurapophyses. 
In Phyllurus platurus, the pleurapophyses of the second and third sacral vertebrae, 
in those specimens with three sacrals, are expanded to a less marked degree than the 
second pair of sacral pleurapophyses in those specimens with only two sacral vertebrae. 
In the specimens of Nephrurus with three sacrals, the second and third pairs of pleur- 
apophyses are considerably expanded though not as greatly as the first pair, while 
in the specimen of NV. asper with four sacrals, the pleurapophyses of the fourth vertebra 
in the series are hardly expanded at all, being merely joined to the distal cartilages 
of the preceding pleurapophyses by-a cartilaginous band. The other two specimens 
of NV. asper had three sacral vertebrae, but in both of these one or both of the pleurapo- 
physes of the first pygal were joined to the distal cartilage of the sacral pleurapophyses 
of the same side by a ligament. 

Moodie (1907) implies that the more anterior sacral vertebra of lizards, by reason 
of its size, represents the original element for the support of the pelvis. Whether or 
not such a suggestion can be verified, it is at least very probable that the additional 
vertebra incorporated into the sacrum of geckos, in excess of the number typical 
of the species concerned, comes from the pygal series. In all four specimens with an 
increased sacral count (one Nephrurus asper and three Phyllurus platurus), the addi- 
tional pair of pleurapophyses closely resembled those of the pygal vertebrae. In 
the other two NV. asper the pygal pleurapophyses attached to the sacrum were curved 
anteriorly, while the unattached pleurapophysis extended laterally in the normal 
manner. Probably the third sacral vertebra typical of Nephrurus has been incorpor- 
ated from the caudal series in a like manner, particularly as the pygal count in 
N. laevis is typically four, instead of five as in other geckos. Nevertheless an inter- 
dependence of sacral and pygal numbers cannot be accepted without reservation, 
since four pygals sometimes occur in other species in conjunction with two sacrals, 
and in the New Zealand genera two sacral and four pygal vertebrae commonly occur 
(Stephenson & Stephenson, 1956). 

Fusion of the bony shafts of consecutive sacral pleurapophyses occurs in a number 
of gekkonid genera. The more common condition is that found in Phyllurus, Oedura, 
Sphaerodactylus and Aristelliger, in which the shafts fuse just before joining the mass 
of articular cartilage, and often have a suture between them. Juveniles of these 
species do not have the fused condition. Old specimens of Nephrurus and the single 
specimens of Carphodactylus and Gonatodes (Fig. 74) showed considerable fusion of 
the shafts, while juvenile NV. asper (Fig. 84) have the fused condition typified by 
Phyllurus, Oedura, Sphaerodactylus and Aristelliger. Only in N. asper did this juvenile 
fusion occur, and it appears to increase with age. In the remaining genera the pleura- 
pophyses on each side often lie very close together, but do not fuse. _ 

There is a tendency in some genera for the sacral centra to fuse in adulthood, 
with the reduction of the intercentrum between them. Some constriction of the 
notochord occurs in such vertebrae, and in amphicoelous forms the concave faces 
of the centra tend to be flattened. The intercentra lying between the sacral vertebrae 
may fuse with the margins of adjacent centra, but usually they remain as small, 
discrete elements, attached loosely over the suture. In the genus Nephrurus, which 
usually possesses more than two sacral vertebrae, the tendency for fusion is greatest 
between the first two vertebrae of the series. In the single adult specimen of Gonatodes 
(Fig. 74) and in adult Nephrurus, not only have the centra fused, but the neural 
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arches are also fused and the suture is partially obliterated. In juvenile Nephrurus 
the arches were still separate dorsally, but the zy gapophyses were reduced. 

The second pair of sacral pleurapophyses varies in shape among the geckos. Two 
distinct conditions have been recorded so far, and it appears that only one of them 
occurs in each genus. In the majority of Australian genera the bony proximal portion 
of the second pair of pleurapophyses is smooth and more or less conical, the base 
of the cone lying against the distal cartilaginous blade (Fig. 84). Occasionally in 
Australian forms, and more often in the non-Australian genera, there is a large, 
thin, triangular process on the posterior edge of the bony shaft (Fig. 74). The function 
of the processes is a matter for conjecture, but they probably provide a greater 
surface for the insertion of muscles, and may strengthen the sacrum as a support 
for the pelvic girdle. There was no indication in any of the geckos examined, of a 
transitional state between the smooth shaft and the shaft with a large process ; 
the process was either very well developed or absent altogether. It was present in 
Heteronota, Peropus, Phyllodactylus, Hemidactylus, Gekko, Lepidodactylus, Aristelliger, 
Gonatodes, Sphaerodactylus and Afroedura. Of these genera, only the first four have 
Australian representatives. All the non-Australian genera examined, with the excep- 
tion of Hoplodactylus and Naultinus from New Zealand, possessed the thin projecting 
plate on the posterior border of the second sacral pleurapophysis, and it is also present 
in the Indian house-gecko Hemidactylus flaviviridis (Mahendra, 1950). 

The pelvic girdle of geckos is attached to the sacral pleurapophyses by means 
of ligaments, the main one of which inserts on the iliac crest and on the cartilaginous 
extremities of the sacral pleurapophyses as well as on the distal portions of their 
bony shafts. This ligament thus has a small insertion on the ilium and a large one 
on the sacral pleurapophyses. Other smaller ligaments serve to attach the more 
anterior parts of the iliac blade to the sacrum. It is probable that the cartilage of 
the pleurapophyses serves not only for the insertion of ligaments but also as a cushion 
between the sacrum and the pelvic girdle. 


Postsacral (Caudal) Vertebrae (Fig. 8) 


The caudal vertebrae in most geckos can be divided into two distinct regions—the 
pygal and the postpygal series. The pygal vertebrae lie immediately behind the 
sacrum ; they are short and broad like the presacrals and contain no fracture planes ; 
they serve to protect the cloaca in the event of autotomy and to support the basal 
region of the tail. The postpygal vertebrae typically contain the fracture planes ; 
they gradually become elongated and their processes become smaller, until in the 
posterior part of the tail the processes are so small as to become virtually non- 
functional. Nephrurus asper was the only species in which the tail did not consist 
of pygal and postpygal regions, as none of the vertebrae in the extremely short tail 
possessed a fracture plane. In this species all the caudal vertebrae decrease sharply 
in length and breadth. The anterior five are similar to the pygal vertebrae of other 
species, while the remaining 17 are devoid of neural spines and pleurapophyses. 
The neural arches of the first nine caudal vertebrae articulate by means of zy gapo- 
physes ; the ninth vertebra has reduced and non-functional postzygapophyses. 
a SE EE Ee ee ee es eee 
Fic. 8.—Sacral and caudal ribs. 

A. Nephrurus asper juvenile, ventral view of sacrum. 

B. Phyllurus platurus juvenile, ventro-lateral view of pygal and postpygal vertebrae. 
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8,, first sacral vertebra. 
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The remaining 13 vertebrae are small cylinders of bone, completely devoid of processes, 
and are joined together only by the intervertebral cartilage. 

The pygal vertebrae in the geckos examined, apart from Nephrurus asper, are 
usually five in number, although four or six pygal vertebrae occur occasionally (see 
Tables I and IL). Mahendra (1950) records five pygals for Hemidactylus flaviviridis. 
Only in the Australian species Nephrurus laevis and Phyllurus milii and in the New 
Zealand genera are the pygal vertebrae typically four in number. 

Throughout the material examined, again excluding NV. ephrurus asper, there were 
fracture planes present in at least two of the postpygal vertebrae. There are septa 
in all the postpygal vertebrae of those species whose tails gradually become narrower 
posteriorly, whereas species with a distinct constriction visible externally between 
the pygal and postpygal regions, e.g. those geckos with flattened leaf-like tails, 
have only two or three fracture planes, which lie in the region of the constriction. 
Species noted to possess this condition are Nephrurus laevis and the three species 
of Phyllwrus. When autotomy occurs in these cases the whole of the postpygal 
region is lost, except occasionally for the most anterior postpygal vertebra. This 
arrangement appears to be a specialized condition peculiar to these geckos. In 
Sphenodon and in the Permian reptiles discussed by Price (1940), caudal autotomy 
may occur in any of the postpygal vertebrae, and this condition would no doubt be 
recognized as the primitive one. 

Each fracture plane passes through the middle of the vertebra, through or behind 
the pleurapophyses, and posteriorly to the paired subcentral foramina ; it completely 
divides the vertebra into two halves. According to Woodland (1920), complete 
division of the postpygal vertebrae also occurs in Hemidactylus flaviviridis. In 
this gecko the vertebral cleavage planes are marked by simple septa of a hyaline 
matrix bordered by connective tissue, which traverse and separate into segments the 
entire substance of the tail, with the exception of the spinal cord, nerves and blood- 
vessels. 


The vertebrae of the gekkonid tail lack articulating ribs, but bear well-developed 
pleurapophyses on the neural arch pedicels. A number of specimens, representing 
several species, were observed to have a suture across these processes. The ‘ transverse 
processes ’ are therefore not wholly derived from the neural arch, as their name 
implies, but are composed of rib elements as well and should therefore be known as 
pleurapophyses. Several juvenile specimens had two faint sutures across each pygal 
pleurapophysis (Fig. 8B), indicating that both the proximal and distal rib elements 
were present in each process. In the other specimens with caudal ribs, including 
a juvenile specimen of Oedura lesueurvi that was sectioned transversely, only a small 
rib element at the end of each pleurapophysis could be detected. 

Romer (1956) stated that no ribs are reported as present in the tail of lizards, 
even though El-Toubi and Khalil (1950) noted the presence of caudal ribs in the Egyp- 
tian geckos T'arentola and Ptyodactylus. In these animals the ribs occurred only on 
one side of the body, the combined rib and process from the vertebra being equal 
in length to the corresponding undivided process on the opposite side. The New 
Zealand geckos Hoplodactylus and Naultinus, described by Stephenson & Stephenson 
(1956), possess a, bilateral disposition of caudal ribs. Although it cannot be determined, 
even from juvenile specimens, whether a single rib element on each pygal pleurapo- 
physis is serially homologous with the proximal or distal portion of the presacral 
ribs, it is at least certain that it represents, as a vestige, the well-developed caudal 
ribs found in ancestral tetrapods. 

The caudal intercentra typically bear Y-shaped chevron bones or haemal arches. 
The most anterior chevron bone may be a complete arch produced ventrally into a 
spine, which may or may not be tipped with cartilage, or it may consist of two parallel 
shafts, the haemal arch pedicels, which have failed to fuse together. These shafts 
are always completely bony and are sometimes very short. In nearly all the specimens 
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in which the first chevron bone was a complete arch, it was more slender and often shorter 
than the following one. 

The first of the haemal arch elements usually lies between the third and fourth 
pygal vertebrae, but variation in the location of this first arch occurs within and 
between species. In Phyllwrus platuwrus the first chevron tends to lie between the 
fourth and fifth pygal vertebrae in those specimens in which there are two sacral 
and five pygal vertebrae, and between the third and fourth in those specimens with 
three sacrals and four pygals. The position of the first chevron in Oedura lesueurii 
seems to vary independently of the sacral and pygal counts; it may be between 
the second and third, or third and fourth, pygal vertebrae, whereas the sacral count 
is always two. In Nephrurus, the first chevron was found invariably between the 
third and fourth pygals even though the sacral count was occasionally two or four 
instead of the typical three. In the specimen with four sacral vertebrae, the first 
chevron consisted of a pair of bony nodules on the intercentrum. 

In adult specimens of two of the genera examined, Phyllurus and Nephrurus, 
the two haemal arches preceding the first fracture plane were joined together (Fig. 
8B). The connection was achieved by a bridge of cartilage, consisting of the conjoined 
cartilaginous processes of the two haemal spines. Very occasionally the bony shafts 
themselves are fused together. Only four other specimens had the last pygal and the 
first postpygal haemal spines connected by cartilage :—one of the 32 specimens of 
Oedura leswewrii, the single specimens of Carphodactylus laevis, Sphaerodactylus 
parkeri, and Rhynchoedura ornata. This junction of the spines may be a modification 
to increase the rigidity of the pygal region, and hence to protect the cloaca, in the 
event of autotomy. Since the condition occurs largely among those species which 
lose the whole of the postpygal region when autotomy takes place, it may be that 
there is more strain on the pygal region in these forms than there is in species whose 
tail can break through any one of the postpygal vertebrae. 

In addition to the junction of the last pygal and the first postpygal haemal spines 
in Phyllurus and Nephrurus, further strength is imparted to the pygal region by the 
enlarged neural spine of the last pygal vertebra. Neither the body of the vertebra 
nor the pleurapophyses are in any way enlarged ; in fact, they continue the trend 
for reduction in size posteriorly shown by the more anterior pygal vertebrae. But, 
whereas the more anterior pygal neural spines slope posteriorly as usual, the one 
immediately preceding the first plane of fracture is vertical and much stouter than 
those before it. The haemal arch immediately preceding the first plane of autotomy, 
i.e. the first postpygal chevron bone, may also be enlarged. 

In all the geckos examined, apart from Nephrurus asper, the postpygal vertebrae 
rapidly elongate, and their neural spines, pleurapophyses and zygapophyses become 
smaller, so that in the end of the tail the vertebrae consist of long, narrow cylinders 
of bone joined together by elongated tubes of intervertebral cartilage. The chevrons 
persist as well-developed processes farther posteriorly than the other processes of 
the vertebrae, although they do not reach the extremity. 

After autotomy a new tail is regenerated, but it differs in many ways from the 
original tail. One of the most important differences is that the regenerate completely 
lacks vertebrae, the axial skeleton being a tube of cartilage surrounding the spinal 
cord. In all the specimens with regenerated tails, the cartilaginous tube was calcified 
anteriorly at its junction with the last half vertebra of the column. Only in Hemi- 
dactylus was the tube found to be calcified throughout its length, and as in H. flavi- 
viridis (Woodland, 1920), only the inner and outer surfaces of the tube were calcified. 


Subcentral Foramina (Figs 6, 7, 8 and 9) 


Situated midventrally on the centrum of geckos, on either side of the midline, is a 
pair of small foramina. Such foramina were present in all the specimens examined 
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personally, and have also been recorded in the Indian house-gecko Hemidactylus 
flaviviridis (Mahendra, 1935 a, 1950), and in the New Zealand geckos Hoplodactylus 
and Naultinus (Stephenson & Stephenson, 1956). The only centrum throughout 
the column to lack the paired foramina is the atlantal centrum, which has become 
modified as the odontoid process of the axis. Each aperture in the remaining vertebrae 
leads to a canal which pierces the body of the centrum, passing to the side of the chordal 
canal, and opening by a second foramen into the neural canal. Serial sections of 
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Fic, 9.—Oedura lesueurté juvenile, T. 8. fourth cervical vertebra. 


ce, chordal cartilage. cn, centrum. cpt, capitulum of rib. n, neura i 
i { cn, E ; - Ns ophysis. Ce3, - 
pophysis of third cervical vertebra. nes, notochordal sheath. nps, Notre ieee ans 
ie ee ae para, ee pb, perichondral bone. prz, prezygapophysis. 
, sis. sc, spinal cord. scf, subcentral f a i i : 
spinal nerve. v, vein, vl, Cao pene sea cals Sin cc ao 


embryonic Peropus variegatus and juvenile and adult Oedura | i (Fi 
that veins pass from the neural canal into the centrum and cnageceia: ee 
subcentral foramina. The arteries supplying the spinal cord enter the neural canal 
alongside the spinal nerves, passing through the space between adjacent neural arche 
The occurrence of foramina in the vertebral centrum is not restricted to the Gek. 
konidae ;_ similar apertures have been recorded in a number of reptilian gro : 
Possibly the oldest reptile known to have apertures in the centrum was the roblenate 
reptile from the Upper Permian described by Parrington (1956), who a not ant 
to name the animal from the available fragments, but who nevertheless cond d 
it to be a representative of a very early radiation of the diapsids. The franca 
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this reptile were laterally placed on the centrum. At the time, Parrington described 
them as ‘ probably nutritive and may have been concerned with the persistent 
notochord ’. 

Camp (1923) described-a pair of apertures in the centrum of the Pygopodidae, 
Amphisbaenidae and Xantusiidae as well as in the Gekkonidae, and maintained that 
these apertures undergo reduction in the more advanced groups of lizards. Foramina 
have also been found in the centrum of the Typhlopidae. Mookerjee & Das (1933) 
described a single aperture in T'yphlops braminus near the anterior margin of the 
centrum. According to these authors, branches of the vertebral artery anteriorly 
and of the dorsal aorta posteriorly enter the neural canal via the apertures in the 
centra, instead of passing through the intervertebral spaces along with the spinal 
nerves. Mookerjee & Das stated that the mode of development of the foramina was 
not known, but suggested that after the formation of the artery supplying blood 
to the body of the vertebra, the ossifying centrum failed to constrict the vessel, 
leaving an unossified space for it to pass through the body of the vertebra to the 
spinal cord. In the Australian species, T'yphlops nigrescens, as observed personally, 
there is a pair of foramina in the centrum. Zangerl (1945) noted the presence in 
the Amphisbaenidae of paired foramina situated ventrolaterally in the anterior half 
of the centrum, but did not suggest their function. In a juvenile specimen of Sphenodon 
which was available for investigation, it was noted that there is a pair of apertures 
in the centrum in the same position as those of the geckos ; those in the sacral vertebrae 
particularly are very large, and together occupy a large proportion of the ventral 
surface of the centrum. Howes & Swinnerton (1901) stated that the apertures in 
juvenile Sphenodon are the regions where the cartilaginous expansions of the centrum 
are being absorbed during ossification. There is no mention by these authors of 
blood vessels passing through the foramina. 

Additional apertures have been found in the vertebrae of a number of geckos, 
occurring ventrally in the bases of the pleurapophyses of the sacral and pygal verte- 
brae. Specimens from the following species are noted to possess these apertures :— 
Hbenavia horni, Oedura marmorata, Peropus variegatus, Phyllurus platurus and 
Lepidodactylus lugubris. Additional foramina were also present in the axial arch 
pedicels and intercentrum of one specimen of Phyllurus platurus. The function of 
the additional apertures in the vertebrae of geckos is a matter for conjecture, particu- 
larly as they occur only in occasional specimens. 


AMPHICOELY AND PROCOELY IN THE GEKKONIDAE 


Two facts arising from this study of the gekkonid vertebral column help to clarify 
the relationship between amphicoelous and procoelous geckos. The first is that an 
Australian species, Phyllurus mili, is found to be procoelous whereas the other 
species of the same genus are amphicoelous ; the second is that the procoelous vertebrae 
of P. milii and those of the Jamaican species, Sphaerodactylus parker, resemble 
one another very closely, and are not far removed from the amphicoelous condition. 

In both these procoelous forms the notochord extends without interruption from 
the odontoid process of the axis to the tail, just as it does in the amphicoelous geckos, 
and discrete intercentra are present throughout the column. The procoelous geckos 
differ from the amphicoelous forms in possessing a rounded condyle on the posterior 
end of the centrum. It is evident that there is no great morphological change involved 
in the transition from amphicoely in geckos to the type of procoely seen in P. milit 

. parkert. 

When the vertebrae of Phyllurus milii and Sphaerodactylus parkeri are ae wees 
with one another and with the most closely related amphicoelous geckos yee e, 
namely P. platurus and P. cornutus, it is evident that they form an Jeera) 
sequence. The type of procoely found in P. milii is not as advanced as tha ‘ : 
parkeri, and is important as an intermediate procoelous stage. This, of course, does 
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not imply a close relationship between Phyllurus mili and Sphaerodactylus parker. 
On the grounds of distribution and other morphological features a close relationship 
is very unlikely. Nevertheless it does appear that procoely has arisen in the same 
way in both forms, although the condition is less advanced in P. mili than it is in 
S. parkert. 

Several theories have been propounded in the past to explain the transition from 
amphicoely to procoely in reptiles. Goodrich (1930) maintained that ‘in reptiles 
with procoelous vertebrae the central cartilage develops greatly posteriorly, and 
eventually completely obliterates the notochord intervertebrally. The bulk of this 
posterior region of the centrum forms the convexity of the adult vertebra’. Both 
Phyllurus milii and Sphaerodactylus parkeri appear to have achieved procoely in 
this way, except that they have not lost the intervertebral notochord. The stages by 
which procoely has evolved in these geckos are probably as follow. 

The cartilage of the centrum grows out posteriorly to form a condyle, without at 
first constricting the notochord. As the condyle increases in size it is invaded by 
endochondral ossification from the body of the centrum, and begins to constrict 
the notochord within it, while a similar but less marked constriction is occurring in 
the anterior end of the centrum. The constriction in the ends of the vertebra itself 
results in the reduction of the chordal diameter within the ring of intervertebral 
cartilage, while the anterior constriction also allows the formation of the bowl- 
shaped concavity which articulates with the condyle. Procoely in P. milii and 
S. parkeri is thus achieved without the loss of the intervertebral notochord and 
without any apparent change in the nature and function of the intervertebral cartilage. 

The most noticeable feature of the procoelous vertebrae of Phyllurus mili and 
Sphaerodactylus parkeri, apart from the presence of the intervertebral notochord, 
is the fact that chordal constriction occurs within the vertebra itself. Constriction 
of the notochord intervertebrally is apparently dependent on its prior constriction 
intravertebrally. 

Camp (1923) suggested that ‘ the differences between procoelous and amphicoelous 
geckos probably include the elimination of the intercentral chorda by the constriction 
and thickening of the intervertebral disc (intervertebral cartilage), which becomes 
reduced, rounded, and attached anteriorly to form a small condylar ball’. Romer 
(1956) expressed a similar view. This theory in no way applies to Phyllurus mili 
or Sphaerodactylus parkeri, since in these forms the procoelous condition of the 
vertebrae coexists with a continuous notochord and with the apparently unaltered 
intervertebral cartilage. 

Although it is generally accepted today that procoely in lizards has evolved 
from amphicoely, it has been suggested only recently that in geckos the reverse is 
true, i.e. that procoely gave rise to amphicoely (Underwood, 1954; Romer, 1956). 
Underwood’s suggestion that procoely in geckos is the ancestral condition, and that 
amphicoely is secondary to it, was the logical outcome of his proposed classification 
of geckos based largely on ophthalmological characters. Investigation of the vertebral 
morphology of geckos fails to support this proposal, since the amphicoelous condition 
shows no sign of being secondary or degenerate. On the contrary, the evidence 
points to the primitive nature of gekkonid amphicoely. As Underwood (1955) later 
pointed out when retracting his initial view, there was considerable radiation of 
amphicoelous definitive lizards during the Triassic, long before the fixation of the 
procoelous condition. 

Today, of all the geckos which constitute the widely distributed gekkonid group, 
only a small minority are procoelous. Underwood (1954) lists only ten genera as 
being procoelous out of a total of more than 70 genera. Of the ten procoelous genera, 
five have a strictly New World distribution on the islands and mainland of the Carib- 
bean area, one genus extending into Peru. These five genera Underwood grouped 
together on the basis of eye and vertebral structure, into the Family Sphaerodactylidae 
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of the Superfamily Gekkonoidea (= Gekkota). The other five procoelous genera 
together have a much wider distribution, ranging completely round the world, 
between the equator and the northern temperate zone. Underwood (1954) grouped 
these last five genera in the Family Eublepharidae of the Superfamily Gekkonoidea, 
using ophthalmological characters as well as procoely to distinguish them. Boulenger’s 
(1885) Family Eublepharidae of the Lacertilia Vera included three procoelous genera, 
of which two, Hublepharis and Coleonyx, were also placed by Underwood in his 
family of the same name. Boulenger considered that the extraordinary distribution 
of so few representatives of this small family indicates the former existence of some 
ancient, more generally dispersed group. This group was probably procoelous since 
the existing forms resemble one another so closely, not only structurally but in the 
pattern of coloration as well. 

Nevertheless it does not follow from this that procoely antedated amphicoely 
in geckos. Camp (1923) in his classification of the lizards, attempted to evaluate 
characters with regard to their reliability as indicators of primitiveness. He assigned 
comparative rank (palaeotelic value) to 34 characters, and considered that a group 
with few characters of high antiquity may be regarded as more ancient than a group 
with more characters of lesser palaeotelic value. The first two characters listed in 
decreasing order of palaeotelic value are (1) three complete branchial arches, and 
(2) vertebrae amphicoelous. The most primitive of living geckos described to date 
are believed on osteological grounds to be the New Zealand genera Hoplodactylus 
and Naultinus which have, among other primitive features, two of the three branchial 
arches reaching the skull and amphicoelous vertebrae (Stephenson & Stephenson, 
1956). In Naultinus two complete arches reach the skull. The only other gecko with 
a hyobranchial skeleton comparably primitive with that of Naultinus is Coleonyx 
which is procoelous. 

It is possible that the ancestors of Coleonyx and related genera evolved procoelous 
vertebrae while retaining the primitive condition of the branchial apparatus, and 
subsequent evolution has led to the reduction of this apparatus in the majority of 
genera in both the procoelous and the ancestral amphicoelous groups. The New 
Zealand genera and Coleonyx would then be the modern geckos closest to the ancestral 
gekkonid stock, and of the two, the New Zealand genera would be the closer because 
of their amphicoely. 

The group of geckos including Sphaerodactylus and related genera Lepidoblepharis 
and Gonatodes is described by Underwood (1954) as being procoelous. Noble (1921) 
however implies that Gonatodes is amphicoelous, and personal examination of Gonatodes 
fuscus confirms this. Despite the difference in the shape of the centrum, these three 
genera are closely related on other morphological grounds. 

Noble maintains that a natural series commences with Gonatodes, leads through 
Lathrogecko and Lepidoblepharis to Sphaerodactylus, and that this series represents 
an actual morphogenetic sequence. The more important changes which occur 
this series are the change in the vertebrae from amphicoelous to procoelous, and the 
loss of most of the intercentra. The genus Sphaerodactylus has the most advanced 
type of procoely in the group. The eighteenth vertebra of S. macrolepis Ter 
by Noble has no intercentrum, nor has it an aperture in the condyle for the chor Ja 
canal. Yet one species, S. parkeri which was examined personally, not only coat 
the entire complement of intercentra, but also has the uninterrupted notochor 
diagnostic of notochordal amphicoelous geckos. It is obvious that no oe rr 
can be drawn regarding the position of S. parkeri in the scheme put forward. by No a 
until more information is available. Nevertheless the restricted distribution of a 
sphaerodactyline geckos, together with the existence of a series leading from amphi- 
coely to procoely, points to the relatively recent evolution of procoely in this aa 

The newly discovered example of gekkonid procoely is found in the ee jan 
species, Phyllurus milii. As long as the species mali is recognized as one of the genus 
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Phyllurus, this example of procoely, in contradistinction to those of Noble (1921), 
is intrageneric. The other two species of Phyllurus, P. cornutus and P. platurus, 
also restricted to Australasia, are amphicoelous, and there is no other example of 
procoely among the Australian geckos. Examination of the external features and the 
osteology in general of P. mili has raised a doubt as to whether this Species rightly 
belongs to the genus Phyllurus, but whether it does or not, the position regarding 
procoely remains unchanged. The closest relatives of this species, whether they are 
the other two species of Phyllurus or not, are amphicoelous Australian geckos. The 
type of procoely seen in P. milii is only slightly removed from amphicoely, so that 
it may be concluded that the evolution of procoely in this species has occurred most 
recently of all. 

It is apparent then that procoely is not only secondary to amphicoely, but that 
it has evolved at least three times during the history of the geckos. It apparently evolved 
first in the ancestors of Coleonyx and related genera, which are commonly consigned. 
to a separate family, the Eublepharidae. Procoely in the sphaerodactyline geckos 
appears to have evolved more recently, since a series still exists between amphicoelous 
and procoelous genera within this group. The most recent of all the cases of gekkonid 
procoely seems to be that exemplified by Phyllurus milii, which is one procoelous 
species within an otherwise amphicoelous genus. 

The procoelous vertebrae of Phyllurus milii and Sphaerodactylus parkeri are very 
simple examples of procoely and may represent early stages in the development of 
the more advanced procoelous condition of other lizards, but it seems most unlikely 
that there has been a direct evolutionary line between procoelous geckos and other 
lacertilian groups. It seems more reasonable to assume that the three cases of procoely 
found to date among the Gekkonidae have not only evolved separately from one 
another, but are also independent of the procoelous condition in other lizards. 

It has been a practice in the past to regard procoely as a major character in the 
classification of geckos. Procoelous forms have been considered distinct from the 
amphicoelous geckos despite any relationships they may have had with the latter. 
Noble (1921) for example, considered that the procoelous vertebrae of 8 phaerodactylus 
agree in detail with those of Lepidoblepharis and Lathrogecko, which he termed 
eublepharids, but differ slightly from those of Coleonyx. He maintained that the genus 
Sphaerodactylus ‘should no longer be ranged with the gekkonids, but should be 
grouped with Coleonyx in the Eublepharidae ’ and that ‘ In all probability the Euble- 
pharidae had a polyphyletic origin and instead of being a very ancient group as hither- 
to believed, they may be a very recent assemblage, even if a conservative one’. The 
Kublepharidae would then include the small group now represented by Coleonyx 
and related genera, which are widely dispersed and morphologically very similar, 
as well as the procoelous sphaerodactyline geckos which are restricted in distribution 
and still retain a closely related amphicoelous form. Noble considered that Gonatodes, 
which is amphicoelous, is more closely related to these procoelous sphaerodactyline 
geckos than to any other gekkonid, yet he upheld the placing of the procoelous genera 
among the Eublepharidae, leaving Gonatodes in the Gekkonidae. 

If the family Eublepharidae is to be retained, it should contain only Coleonyx 
and related genera. Romer (1956) however proposed that all geckos should be placed 
in one family, the Gekkonidae, since the supposedly distinctive features of the 
Uroplatidae and Kublepharidae are not as marked as hitherto believed. Until con- 
clusive evidence is found to support the subdivision of the geckos into separate 
families, it seems wisest to consign them all to the one family, the Gekkonidae. 

The discovery that procoely has apparently evolved at least three times during 
the evolution of geckos, and that on two occasions its evolution has been relatively 
recent, makes it necessary to reconsider amphicoely as a character of primary impor- 
tance in the classification of lizards. Within the Gekkonidae, it appears that at the 
specific and generic levels, amphicoely and procoely cannot be used as major distin- 
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guishing characters regardless of other morphological relationships. Despite its 
procoely, the species Phyllurus milii is more closely related to other amphicoelous 
Australian geckos than it is to Coleonyx or the sphaerodactyline geckos. So also 
are the procoelous sphaerodactyline genera more closely related to amphicoelous 
forms than they are to procoelous Coleonyx. At the familial level, however, amphi- 
coely retains the palaeotelic importance Camp (1923) assigned to it. The Gekkonidae 
as a family are predominantly amphicoelous, and the only amphicoelous lizards 
belong to this family. Not only do the amphicoelous vertebrae of geckos retain the 
uninterrupted notochord, but at least two procoelous forms, Phyllurus milii and 
Sphaerodactylus parkert do so as well. The apparent lack of profound morphological 
change in the transition from amphicoely to procoely among geckos means that 
procoely may not be used alone to distinguish subfamilial groups, but it does mean 
that the palaeotelic weight of notochordal amphicoely when applied to the Gekkonidae 
as a family, retains its importance. Despite the occurrence of procoely in some 
geckos, the vertebrae of the Gekkonidae are the most primitive of all lizards, 

The structure and distribution of geckos suggest on the whole that these lizards 
form a very old, if not the most ancient group of living lacertilians. In vertebral 
morphology alone there are a number of characters accepted as primitive which, 
when assessed together, lead to this conclusion. The centra are short and broad 
(Camp, 1923); the atlantal neurapophyses are frequently unfused (Mahendra, 
1950 ; Underwood, 1955); there are paired foramina, containing blood vessels in 
the vertebral centrum (Camp, 1923; Mahendra, 1950); in some geckos the dorsal 
ligament attaching each rib to the neural arch is fibrocartilaginous, cartilaginous or 
even ossified, and is considered to represent a reduced tuberculum (Noble, 1921 ; 
Stephenson & Stephenson, 1956). These characters together with the predominance 
of notochordal amphicoely, indicate the ancient nature of the Gekkonidae. 
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SUMMARY 


1. The systematic position of Gekkonidae is considered, and the need for careful 
assessment of basic criteria such as amphicoely and procoely is stressed. 

2. The procoelous centra of Phyllurus milii and Sphaerodactylus parkeri are 
similar to one another and to those of amphicoelous geckos in possessing a continuous 
notochord, interrupted only at the atlanto-occipital joint, and the full complement 
of intercentra, but differing from amphicoelous forms in that they bear a rounded 
condyle posteriorly. 

3. Tables of vertebral counts made on 151 geckos, representing 20 genera and 
31 species are given. ; 

4, The laterally projecting processes on the atlantal neurapophyses are considered 
to be serially homologous with the postzygapophyses of following vertebrae ; the 
low processes on the arch pedicels are regarded as parapophyses. 
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5. The axial neurapophyses bear parapophyses and reduced prezygapophyses. 

6. Rudimentary ribs may occur on the third cervical vertebra. The ribs of the 
fourth, fifth and sixth vertebrae usually bear cartilaginous processes inappropriately 
termed ‘ uncinate processes’. The triangular bony process on the proximal portion 
of the ribs of the seventh vertebra of some genera, also inappropriately termed an 
‘uncinate process ’, is considered to represent a state transitional between the ribs 
typical of the cervical and dorsal series. Presence of sacral and caudal ribs is confirmed. 

7. Ribs normally are attached to the vertebra by means of an articulation between 
rib head and parapophysis of neural arch, and two ligaments, one above and one 
below the articulation. Dorsal ligament is considered to be homologous with the 
tuberculum, and rib head with capitulum. 

8. In most geckos fracture planes occur in all postpygal vertebrae. Geckos with 
a distinct constriction in the tail at junction of pygal and postpygal series, have 
fracture planes only in this region ; Nephrurus asper has no fracture planes at all. 
Last two conditions may be regarded as specialized. 

9. In geckos with a constricted tail, the last pygal neural spine is enlarged, and the 
two chevrons immediately preceding the first fracture plane are joined together by a 
bridge of cartilage. 

10. No great morphological change is required for transition from amphicoely 
to procoely in geckos, and amphicoely is regarded as ancestral to procoely. Procoelous 
vertebrae of Phyllurus milii and Sphaerodactylus parkeri are only slightly removed 
from the amphicoelous condition. There is no evidence of degeneracy in the vertebral 
column of amphicoelous geckos ; living Gekkonidae as a whole are regarded as an 
ancient lacertilian group. 

11. Procoely is considered to have arisen at least three times in the Gekkonidae— 
first, in ancestors of Coleonyx and related forms ; second, in the series leading to Sphaero- 
dactylus ; and third in the Australian species Phyllurus milii. Probable course of 
evolution of procoely in geckos is described. 

12. Arguments are presented against placing all procoelous geckos in one subgroup, 
the Eublepharidae, regardless of affinities with amphicoelous forms. Nevertheless 
amphicoely, in relation to geckos as a whole, is considered to retain the palaeotelic 
weight ascribed to it by Camp (1923). 
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THE METENDOSTERNITE IN THE COLEOPTERA 


By Frank Batrour-Browng, M.A., F.R.S.E., F.L.S. 
Formerly Professor of Entomology at the Imperial College London 


(With 60 text-figures). 


INTRODUCTION 


In 1934, when I was working on the Proventriculus of the Coleoptera (1944) I became 
interested in the elaborate muscle-supporting metendosternite which I shall hereafter 
refer to as the ‘ Furca’. I made a number of preparations of it for study under the 
microscope and made notes of its variations in the Hydradephaga and on its muscula- 
ture ; but these notes were put aside for future study and it is only comparatively 
recently that I have re-discovered them and re-aroused my interest in this structure. 
But, as often happens, what appeared to be a small piece of work easily disposed of 
has turned out to be more interesting than was anticipated and this accounts for the 
long time I have taken over it since I finished the third volume of British Water 
Beetles (1958), although in part this delay is due to the fact that the rate at which 
work can be carried through is affected by age! 

Few authors have paid much attention to the furca as a structure but R. A. 
Crowson (1938, 1942) has figured the furca in a number of different beetles, has decided 
on the most primitive form in the Polyphaga and has made suggestions as to the 
classification of the Coleoptera based upon his conclusions. 

I accept the view expressed by Snodgrass (1927) that the furca originated as a 
pair of apodemes ‘ supported on a median inflection of the sternum and thus became 
the divergent prongs of a forked endoskeletal structure’ strengthened by contact 
with ‘pleural arms’. The beetles, so far as I have found, do not show these pleural 
apophyses. 

In the following pages I have given a number of drawings of furcae of different 
beetles but it must be understood that they are made, except where otherwise men- 
tioned, from microscope slides which are, or will shortly be in the possession of the 
British Museum (Natural History) to which I am indebted for a number of specimens 
of species I did not possess. These slides have been prepared from material extracted 
and boiled in caustic soda (or potash). I mention this because the furca, as 
exposed during dissection by removal of fat body, etc., is very different in appearance 
from the same mounted as a slide. To illustrate this I have given drawings of a 
specimen, based upon camera lucida work, of the furca of a Colymbetes (Fig. 1) when 
first exposed by dissection and then after the thorax has been boiled in soda. I also 
give a side view of the structure. Also I give a figure of the furca of a Strangala 
(Fig. 2) as exposed by dissection and the same specimen after mounting as a slide. 

The view required here is mostly either a dorsal or a ventral one and as in many 
cases the whole structure does not lie in one plane, there is liable to be distortion 
during the making of the slide. For instance, I give a side view of the furca of 
Oxyporus rufus (Fig. 3) showing the arms in their natural position. This indicates the 
difficulty of mounting such a structure to show an accurate dorsal view. Fig. 4 
shows a front and side view of the furca of Dascillus cervinus in which the arms are 
close together along the median line like the leaves of a book and gradually spread 
outwards. Any attempt to flatten out the whole furca results in distortion. The side 
view shows the real width of the arm. Fig. 5 shows the furca of Bledius tricornis and, 
as in Dascillus, the arms are drawn as they lie undistorted by mounting under a 
raised coverslip. 


JOURN. LINN. SOC.—ZOOLOGY, VOL. XLIV. 18 


338 FRANK BALFOUR-BROWNE : [J.L.8.Z. 


The object of all the following drawings of furcae is not to give detailed pictures 
of the various patterns but to offer a general idea of the shape of each, allowing for 
the possibilities of error I have mentioned. There is another point to be remembered 
when studying the furca and that is that, like the muscles, it only matures with the 
imago after emergence. Fig. 6 shows two projection drawings of the furca of 
Hydrobius fuscipes one in an immature state where there is much soft transparent 
membrane, the other where the whole furca is of hardened brown chitin in a 
mature specimen. Fig. 7 shows the furca (a) in a pupa of Dytiscus and (b) in a 
newly emerged imago. In the latter there are no signs of the ‘ cups’ in which the 
furco-dorsal muscles will later be seated. 


THE FuRcA AND Its Posrrion IN THE METATHORAX 


For the most part the furca is a hard chitinous structure usually with certain thickened 
rods in it, one or two along the length of the stem and one or two out into each arm. 
Apart from the muscles, with which I will deal later, the only attachment is to the 
floor of the segment which is frequently divided into an anterior ‘ basisternum ’ 
and a posterior ‘ sternellum ’ or ‘ furcisternum ’, as named by Snodgrass. Crowson 
(1938 : 398) refers to a ‘ sternal suture ’ which he ascribes to Snodgrass, but I cannot 
find any reference by Snodgrass to such a suture. He does however define a ‘ sterno- 
costal suture ’ which separates ‘the basisternum from the sternellum ’ which, pre- 
sumably, is what Crowson intended to name. 

_ The actual attachment of the furca to the sternum may cover the length of the 
furcisternum and sometimes continues on to the basisternum and may even vaguely 
involve the coxae. Moreover there is, perhaps usually, a layer of thin membrane which 
runs across the line between the sternum and the coxae and this is frequently attached 
to the furcal stem either near its base or some distance along its length. I have 
shown this membrane in some of the figures. 

_ The angle at which the furca lies in the metathorax depends partly upon the rela- 
tive positions of the posterior margin of the tergum and that of the sternum. Where, 
as in Dytiscids, the latter is somewhat behind the tergum, in the absence of a 
‘nose’ the furcal arms run out to a point towards the middle line of the thorax 
and the anterior tendons go off at an angle to run more or less horizontally into 
the mesothorax. Where there is a nose, the stem bends either ‘gently as in 
Hydrophilus (Fig 8a) or at an angle as in Necrophorus (Fig. 8b) so that the nose lies 
more or less horizontally. Where the tergum and sternum lie more or less in the 
same line posteriorly, as in many Polyphaga, the stem may stand more or less 
vertically and the arms and nose will be bent at an angle to run horizontally. 


THE MUSCULATURE OF THE FURCA 


Whatever may have been the original function of the furca, it has become an impor- 
tant centre for muscle attachments in many of the beetles. The large furca of the 
Dytiscids (Fig. 9a) or of a large Hydrophilid (Fig. 9b) carries at least six pairs of 
muscles which are as follows :— 

(1) The Mesothoracic retractors (or meta-meso-furcal connectors or simply the 
anterior tendons, as I shall now call them). These are mainly tendons with a small 
muscle inserted on the meso-furca. They represent the intersegmental connector 
muscles seen in the abdominal segments where they function as muscles but in the 
fused meso- and meta-thorax they have degenerated into tendons. 

In the primitive state these muscles must have lain far apart but in the beetles 
their position varies from wide apart to lying in contact, in fact in one case, Mono- 
toma (Fig. 56), the two tendons are fused for some distance from their base. 

(2) The Furco-dorsals. These connect the anterior margin of the furca with the 
postnotum. They are short but strong muscles presumably acting as ‘ anchors’ to 
stabilize the furca when other muscles are stimulated. 
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(3) The Furco-laterals. These originate in a strong tendon on the sternal suture 
near its junction with the pleuron and they are inserted on the under side of the 
furca on each side of the median line bat sometimes far out on the arms. The insertion 
may be a normal junction between a muscle and its base but there is often an up- 
standing ridge which partly or completely surrounds the base and in many cases this 
membrane may be so enlarged that there is a very obvious sheath slightly or largely 
surrounding the base. 

(4) The Furco-coxals. A pair of muscles running between the ends of the arms 
to the * posterior coxal fold’ (see pcr on Fig. 9). They are small muscles and in the 
Dytiscids where the coxae are fused with the sternum, this smallness would seem 
understandable. But in the Hydrophilids where the coxae are hinged to the sternum 
so that movement of one on the other takes place, these muscles seem small for the 
work. A search in Hydrophilus revealed the existence of another pair of furco- 
coxals (4a in Fig. 9b) between the stem of the furca and the posterior coxal fold near 
its inner end, a small muscle, not perhaps as large as the outer one but presumably 
of assistance in moving the coxa on the sternum. I could not find this pair in any 
Dytiscid. Such an auxiliary furco-coxal is present in at least many of the Polyphaga 
but its position varies in different beetles. 

(5) The Furcals. Very large muscles originating along the whole anterior margin 
of the furca and on both sides and running back to a plate or cup connected by 
tendon with a trochanter. This group of muscles is much larger in these swimming 
beetles, the Dytiscids and Hydrophilids, than in the land beetles and this seems to be 
the justification for their size. In other Polyphaga there are two or three muscle 
groups running from the arms of the furca to the coxal wall and at least one bundle 
(3 in Fig. 9c) goes through to the trochanter. 

(6) The Furco-notals. These run from the end of each arm of the furca to a 
small or large reception socket near the ends of the postnotum (see Figs 9a and b). 
In Dytiscus these muscles are so small that they are usually cut through during 
dissection and even now, when I know where to look, I cannot always find them. 
They seem to be more easily found in Colymbetes where I first saw them. In the 
Polpyphaga they are mostly quite easy to find, e.g. in Hydrophilus where, presumably, 
they must have some important function. Korschelt (1924 : 602) figures the meta- 
thorax of Dytiscus with tergum removed and he shows above the large furcal muscle 
on each side a small projecting tag between the furco-dorsals and the dorso-coxals, 
but he apparently makes no mention of it in the text. I think these are the two furco- 
notals. 


THE ForM OF THE FURCA 


The furca has a number of different shapes and I propose to discuss their distribution 
in the Coleoptera! For this purpose I have selected arbitrarily five patterns as 
follows :— 


A. A wide transverse base with an arm at each end. 
B. A narrow base with widening stem. 

C. A short based furca of medium width. 

D. A medium width base with a longer stem. 

E. A still narrower base and rod-like stem. 


A. The Transverse Based Furca 


This is the simplest form of furca and it is seen in many insects; it shows a 
resemblance to what Snodgrass suggested as the original form of the furca. In the 
Coleoptera it is found in third stage larvae, e.g. of Dytiscus, yah ydrophilus, Colymbetes 
(Fig. 10) etc., and this form occurs frequently in many imagines in several of the 


1 The classification and nomenclature used is that of Messrs Kloet and Hincks in ‘A Check List 
of British Insects, 1945’. 
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eight Series in which the beetles are arranged. I know of no case in the Caraboidea 
or the Palpicornia but in the Staphylinoidea the form of Orthoperus (Fig. 11) is 
almost as simple as that in the larvae mentioned. In Hister (Fig. 12) this is rather 
more elaborate. In the Diversicornia this form is of frequent occurrence, for instance 
in the Coccinellids, Endomychids (Endomychus, Fig. 13), Nitidulids (Nitidula, Fig. 
14), Erotylids (Triplax, Fig. 17), etc. It is of interest to notice that although the 
male of our Glow-worm, Lampyris noctiluca, has a more advanced type of fureca, 
the furca in the female is of this type (Fig. 15). The only other Lampyrid I have 
had the opportunity of examining is Luciola lusitanica in which the female also 
has the simple type of furca (Fig. 16). In the Phytophaga the base is wide in many 
Chrysomelids, e.g. Melasoma etc., and in the Rhyncophora it is seen in Baris (Fig. 
18), Bagous (Fig. 19) and others. 


B. The Narrow Base with a Widening Stem 


This pattern is common in the Caraboidea, e.g. Cicindela (Fig. 20), Harpalus 
(Fig. 21), in the Palpicornia, e.g. Hydrophilus (Fig. 9) etc., and in the Staphylinoidea 
Catops (Fig. 22) isa good example. In the Diversicornia there are various cases such 
as Helodes (Fig. 23), Ptilinus (Fig. 24) ete., and in the Heteromera Gonodera (Fig. 25). 


C. The Short-based Furca of Median Width 


This is probably the most common type and is seen in the Staphylinoidea in 
Anisotoma (Fig. 26) and others; in the Diversicornia in Lyctus (Fig. 27) but it is 
more frequent in the Heteromera, e.g. Blaps (Fig. 28), Phylan (Fig. 29), Nacerdes 
(Fig. 30), etc., and in the Phytophaga in Prionus (Fig. 31), Cassida (Fig. 32), Galeruca 
(Fig. 33), etc. There are many examples in the Rhyncophora, e.g. Pissodes (Fig. 34), 
Hylobius (Fig. 35), Notaris (Fig. 36), Phytonomus (Fig. 37). 


D. A Medium Width of Furca with a Long Stem 


In the Staphylinoidea, Staphylinus (Fig. 38) and Ontholestes (Fig. 39) show this 
while in the Diversicornia Opilo (Fig. 40) fits fairly well and the Lymexylonids 
Hylecoetus (Fig. 41) and Melitomma (Fig. 42) are similar while Atractocerus (Fig. 43) 
comes into group E. 


E. A Rod-like Stem supporting the two Arms 


In this type a long rod-like stem on a narrow base supports the two arms. In 
the Caraboidea this is seen in the so-called primitive Paussus (Fig. 44) and Rhysodes. 
In Hydrovatus (Fig. 45) and most of the Gyrinidae, e.g. Orectochilus (Fig. 46). 
In the Diversicornia there is Malachius (Fig. 47) and, as already mentioned Atracto- 
cerus. In Rhyncophora the narrow stem seems to be rare, the majority of species. 
having stems of intermediate width but Phyllobius (Fig. 48) seems to be the nearest 
approach to the E group. 


Discussion 


The limits of the stem are not easily distinguished from the arms when the latter 
expand into wing-like areas but the stem usually has a thickened median line which 
is often developed into a keel on the anterior side of the furca. The wing membrane 
usually extends across the front from wing to wing and the keel may or may not 
reach the front edge of this membrane. In some cases it extends beyond the line 
between the two wings so that there is a small projection, the ‘nose’, seen in 
Hyphydrus (Fig. 49) and some Hydroporus. In a number of cases, e.g. Haliplus, 
Peltodytes (Fig. 50), Hygrobia, etc. it is larger and carries out the wing membrane 
while it is very large in others, e.g. in Cupes (Fig. 51) and Rhysodes. It is visible in 
many Palpicorns, e.g. Hydrophilus, Hydrobius (Fig. 6), etc. In the Staphylinoidea the 
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nose is a common feature, large in Necrophorus (Fig. 8). In Diversicornia it is some- 
times large, e.g. in Nitidula (Fig. 14), Cantharis (Fig. 52) but it is apparently not 
usual in the Series. In Heteromera I have not found any species with a nose but in 
Lagria (Fig. 53) there is a very forward keel with the nearest approach to a nose I 
have seen. In Phytophaga there are large noses in Clytra (Fig. 54) and Cryptocephalus 
(Fig. 55). In the Lamellicornia noses, and usually large ones, are the rule but in 
Rhyncophora they seem to be absent. 

In the primitive form of furca, as seen for instance in Hister (Fig. 12), etc., 
the anterior tendons are far apart but are tending to move down the inner 
side of the arm towards the middle line of the furca and the narrowing of the base 
did not contribute to this movement because the tendons passed on to the arms which 
often became wing-like. But with the appearance of a nose, even a small one, e.g. 
Lyctus (Fig. 27) the tendons passed on to it and in Monotoma (Fig. 57) even the 
tendons became fused together so that apparently only one leaves the nose although 
it subsequently divides into two. This seems to indicate that the approach to the 
middle line of these tendons is a later adaptation and not a primitive condition. 

I have already mentioned the attachment of the furco-lateral muscles and how 
they may be ensheathed in a membrane to a greater or lesser extent. The sheath 
may be more or less complete but in its largest form is little more than a lamina with 
the extreme edges partly turned inwards. Such large sheaths occur in the Diversi- 
cornia, e.g. in T'riplax (Fig. 17) and in the Lymexylonids, Hylecoetus (Fig. 41) and 
Melitomma (Fig. 42). In the Heteromera, e.g. Nacerdes (Fig. 30), Pyrochroa, etc., and 
in Phytophaga, e.g. Clytus (Fig. 57), Asemum (Fig. 58), Plateumaris (Fig. 59) etc. while 
smaller ones occur in at least five of the eight Series. As it is only reasonable to 
believe that this large growth of membrane has been a later development rather than 
an earlier one, it affords additional evidence with all that I have already set out that 
there has been parallel evolution so far as the furca is concerned. This is an interest- 
ing phenomenon of which some other cases are known. In the Coleoptera K. Jordan 
(1943) showed that in different groups of beetles the basal abdominal sterna have 
become fused together and he mentioned a number of families in which this had taken 
place, the deduction being that this stiffening of the abdomen had originated 
independently more than once. There are other examples but a recent one outside 
the insects is described by Pantin (1957) in the Nemertine worms of which he 
said ‘ when an attempt is made to group the species it is found quite impossible to 
make a classification which does not imply the independent evolution of more than 
one diagnostic character ’. 

In his earlier paper Crowson (1938) says pothing of the view of Snodgrass (1927) 
as to the origin of the furca except that Snodgrass stated that ‘ the endoskeletal 
structures of insects are elaborations of the primitive intersegmental invaginations 
of a Peripatus-like ancester ’ and he states that ‘ the Lymexylonids are admittedly 
an archaic and isolated family and might as well be placed first as anywhere’. On 
this he bases his idea of the origin of the beetle furca. He states that ‘ Hylecoetus 
has a furca that seems one of the most primitive of the Order ’ and justifies this by 
referring to the notable features which he describes as ‘ (1) the freedom of the arms, 
(2) the extensive lamina, (3) the anterior tendons arising close together, supported 
merely by a median thickening of the lamina’. It is not until the first paragraph 
of his second paper (4) that he says ‘T accept Snodgrass’s conclusions (as to the 
origin of the furca) with one principal qualification, that a metendosternite consisting 
of a pair of arms (apophyses of Snodgrass) while it may be primitive in exopterygote 
insects is certainly not in beetles’ and he claims that he established this in this 
previous paper! In fact he assumes that, because the Lymexylonids have certain 
primitive characters, the Lymexylonid furca is the primitive type, at least for the 
Polyphaga. : 

T have left until last a reference to the Noterine group of the Caraboidea. Our 
species of Noterus and. at least one or two species of Synchortus, probably all the 


Noterines, differ from all other beetles T have examined in that the furcal arms, instead 
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of being connected with the coxae by the furco-coxal muscles (see Fig. 9a) are fused 
with the coxae, the muscles being absent (Fig. 60). Also the base of the furca is 
carried upon a raised ridge which runs along the median line of the sternum and the 
coxae. The only other family in which I have seen anything similar is the Hygro- 
biidae where these muscles are reduced to tendons. I have found a similar condi- 
tion in one specimen of a Dytiscus so that it seems possible that, at least in the 
Hydradephaga, these muscles are tending to disappear. 

I have endeavoured to show that the view of Snodgrass applies equally to the 
endopterygote insects and the less advanced groups and that the furca of the Lymexy- 
lonids is by no means a primitive form. Although that structure is similar in 
Hylecoetus and Melitomma and of a somewhat advanced pattern in them it is at a 
different stage of evolution in Atractocerus. Except for the somewhat simple wing 
venation and the lack of definite folding beneath the elytra, not very different from 
some other Diversicornia such as the Lampyrids, there is not much that is primitive 
about the Lymexylonids. 
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Fic. 2.—Two views of the furea of Strangalia quadrifasciata, the first (a) in sitti after exposure 
by dissection ; the second (b) after removal and boiling in caustic soda. 

Fie. 3.—The furca of Oxyporus rufus to show the angle at which the arms lie to the stem. The 
dotted area is a membranous ‘keel’ on the upper or posterior edge. 


Fic. 4._-Two views of the furca of Dascillus cervinus, (a) dorsal and (b) side, to show how the 
arms embrace each other along the median line and the full width of an arm expanded. 
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Fic. 5.—Front (a)and side (b) views of the furca of Bledius tricornis. 


Fic. 6.—An immature (a) and a mature (b) furea of Hydrobius fuscipes. In the first the membrane 
is thin and transparent there being only a slight thickening towards the end of each arm and 
down the stem. In the second the whole furca is thickened and dark brown in colour. 


Fria. 7.—The furca from (a) a pupa of Dytiscus lapponicus for comparison with (b) one from a newly- 


emerged lapponicus. The dotted lines indicate the size and position of the furco-lateral 
muscle sheaths. 
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Fig. 8.—Side view of the furea of (a) Dytiscus and (b) Necrophorus to show the angle at which it lies 


in the thorax. The wide-spread wing-like arms of the first and the rod-like arms of the second 
are patterns of two types of furca. Note the different supports, the one to strengthen the 
furea on its base and the other, the membranous chitin (dotted), to stiffen the structure 
The muscle-attachments are marked :—FC = furco-coxals; FD = furco-dorsals ; FL 
= furco-laterals; CX = coxa; M = intersegmental membrane running from one side of 
body to the other and usually attached en route to the furca. M in other figures indicates 
this membrane. FS and BS = furcisternum and basisternum: note the very narrow 
furcisternum in Necrophorous. Some other large beetles have a similar supporting strut 
to that seen in Dytiscus. 


Fig. 9.—The metathorax of (a) Dytiscus and (b) Hydrophilus with terga removed to show the 


furca (F) and the six main muscles connected with it. 1 = mesothoracic retractors or 
simply the anterior tendons ; (2) = furco-dorsals ;_ (3) = furco-laterals ; (4) = furco- 
coxals and (4a furco-coxals 2); (5) = anterior furcals; (6) furco-notals. CX = coxae ; 
CC = coxal cavity between the anterior coxal fold (ACF) and the posterior coxal fold 
(PCF); P = postnotum ; N = nose. 

(c) Metathorax of Staphylinus sp. with tergum removed to show the furcal muscles. 
(1) and (2) are the furco-coxals connected with the edge, the postcoxal fold. (3) is the 
trochanter muscle. Compare with a and b. F = furca; PN = postnotum ; CX = Coxa ; 
ACF and PCF = anterior and posterior coxal folds. 
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10.—Furea of a third-stage larva of Colymbetes fuscus. 
11.—Orthoperus brunnipes. 

12.—Hister cadaverinus. 

13.—Endomychus coccineus. 

14.—Nitidula rufipes: Note the small sheaths on each side. 
15.—Lampyris noctiluca. a, gd & b, 9. 


16.—Luciola lusitanica io); 
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Fie. 17.—Triplax russica. Note the intersegmental membrane 
mentioned in the text. 

Fic. 18.—Baris lepidit. 

Fie. 19.—Bagous glabrirostris. 

Fic. 20.—Ctcindela campestris. 

Fic. 21.—Harpalus rufipes. 
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Fie. 22.—Catops nigricans. 

Fie. 23.—Helodes minuta. 

Fic. 24.—Ptilinus pectinicornis, front and side view. 
Note the depth, presumably to give strength. 

Fic. 25.—Gonodera luperus. 
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Fic. 26.—Anisotoma glabra, ventral view showing depressed * nose’ 
and the intersegmental membrane, MM. 


Fic. 
Fie. 
Fic. 
Fic. 
Fic. 
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27.—Lyctus fuscus. 

28.—Blaps mucronata. 

29.—Phylan gibbus. 

30.—Nacerdes melanura, note the large sheaths. 
31.—Prionus coriarius. 
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Fie. 32.—Cassida viridis. 


Fic. 33.—Galeruca tanaceti. 
Fic. 34.—Pissodes pini. 

Fie. 35.—Hylobius abietis. 
Fic. 36.—Notaris maculatus. 
Fie. 37.—Phytonomus arator. 
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Fia. 38.—Staphylinus pubescens. 
Fria. 39.—Ontholestes nebulosus. 


Fic. 40.—Opilo mollis. 

Fic. 41.—Hylecoetus dermestoides. 

Fria. 42.—Melitomma insulare. 

Fic. 43.—Atractocerus brasiliensis. 

Fie. 44.—Paussus armatus. 

Fig. 45.—Hydrovatus clypealis, note the long keel. 
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Fic. 46.—-Orectochilus villosus. 
Fie. 47.—Malachius aeneus. 
Fie. 48.—Phyllobius calcaratus. 
Fic. 49.—Hyphydrus ovatus. 
Fic. 50.—Peltodytes caesus. 
Fig. 51.—Cupes latreillei. 
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Fie. 52.—Cantharis pellucida. 
Fic. 53.—Lagria hirta, note the rather deep keel well in front on the stem. 


Fie. 54.—Clytra quadripunctata. 
Fic. 55.—Cryptocephalus aureolus. 
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Fic. 56.—Monotoma picipes. 
Fig. 57.—Clytus arietis. 

Fie. 58.—Asemum striatum. 
Fie. 59.—Platewmaris sericea. 


60b — ST—>— Cx—> 
Fic. 60.—Noterus, the larger species. Note the base of the furca raised upon a kind of carriage 


and note also that the ends of the arms are connected direct to coxae instead of through 
furco-coxal muscles (a) viewed from the side ; (b) from above. 
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SOME QUATERNARY FOSSIL NON-MARINE MOLLUSCA 
FROM THE CENTRAL SAHARA 


By B. W. Spars, F.L.S. anp A. T. Grove 
Department of Geography, University of Cambridge 


(With 3 plates and 4 text-figures) 


(1) InrRopvuction (A. T. G.) 


A RECENT journey to Tibesti by one of us (A. T. G.) enabled sediment samples and 
collections of mollusca to be obtained from Bégour and Kayougué, while the Ahaggar 
sample was very kindly given to us by R. G. Davies, Esq., of Hunting Technical 
Services Ltd. 

Bégour crater is situated in north-west Tibesti at an altitude of about 3000 ft 
on the wide floor of a valley to the north of Tarso Toussidé and about 20 miles east 
of Wour. The mean annual rainfall is unknown, but is probably less than 2 in., 
and the vegetation is limited to a few trees, mainly Acacias, bordering wadis and 
sparse grasses and flowering plants in moist hollows. Surface water in the locality 
is limited to two or three deep pools to the north-west of the crater. The surface 
of the floor of the crater is below the level of the lava flows covering the floor of 
the valley and is normally dry. 


\<--— -—- approx > mile-—~-—-->, 
| 
| | 
'Gentre filled with material eroded! 


;during and after terrace formation 


___v!0 feet 


Marginal terraces 
with mollusc bands. 


Fic. 1—Sketch section of Bégour crater: the infill in the middle consists partly of material 
eroded during the formation of the terrace and partly of material later gullied from the 
terrace. 


The surface collection of mollusca was made in the central part of the concave 
floor of the crater, where the shells were lying on a salt crust among a scatter of 
plants with yellow flowers, locally called mogui (probably Fagonia sp.). The other 
three samples were taken from a dissected ring of sediments forming a terrace up 
to 10 ft thick and 80 yards wide at the foot of the crater wall (Fig. 1). The sediments 
consist of pale grey ash with diatoms, unevenly-bedded and including a number of 
layers and lenses with abundant mollusca. Sample A was collected from such a bed 
about a foot above the floor of the crater, sample B from another about 2 ft above 
the floor, while sample C was from some thinner beds of mollucsa about two-thirds 
of the way up the terrace. The sediments, which dip towards the centre of the crater, 
appear to have been water-laid and, in view of the small size of the catchment area, 
it would seem that the accumulation of a lake must have been caused by a rise, 
or repeated rises, in the level of the local water-table. 
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The Kayougué specimens were collected near the top of a terrace fragment in 
a wadi a little to the south-east of the settlement called Kayougué, which lies north 
of Sherda. They were associated with numerous fragments of fossilized wood, up to 
an inch in diameter and a foot or two in length, in which, unfortunately, no organized 
structure was recognizable. The origin of the terrace is not clear but many similar 
terraces have been noted in Tibesti at comparable heights above the valley floors, 
ie. approximately 30 ft. They may have been formed by volcanic eruptions giving 
an increased load to wadi floods, or they may, in some cases, have been formed by 
lacustrine accumulation behind temporary sand barriers. They seem to indicate 
conditions more humid than the present climate, for they have now been dissected 
and survive only in protected localities. 

Mr Davies informs us that the Ahaggar sample was collected just south-east of 
Hassi Dehine at latitude 24° 15’ N. and longitude 5° 45’ E. This is on an area of 
crystalline and metamorphic rocks on the northern side of the Ahaggar in the head- 
waters of the wadi Irharhar. The sample was from a terrace-like feature well above 
the present wadi floor at an elevation of about 5000 ft. 


(2) THe Moxzvsca (B. W.S.) 


The samples from the deposits in the crater at Bégour yielded the following shells. 
The surface collection, made by eye and not as a bulk sample, is obviously distorted 
by over-representation of large species, a well-known error in such collecting (Sparks, 
1961). 


Sample A B C Surface 
Melanoides tuberculata (Miller)....... 9 , 18 ‘ 19 3 16 
Lymnaea natalensis Krauss.......... 77 : 101 : 207 : 31 
Biomphalaria pfeiffert (Krauss)....... 618 2225 . 450 : 58 
Anisus (Gyraulus) costulatus (Krauss). . sate : 25 : 55 : oe 
Anisus (Anisus) dallonit (Germain).... 238 : 126 : 201 
Segmentina angusta Jickeli.......... 24 : 17 : 50 : see 
Bulinus truncatus (Audouin)......... 26 : 43 : 71 : 2 
ISUCCINEA ISD. maiers Heaetndcionge a eta = ar 2 : ae . one 
Gastrocopta klunzingeri (Jickeli)...... 15 F 6 : 3 : ois 
Zootecus insularis (Ehrenberg)........ 2 4 ? Bee : eee : 1 
Thapsia vesti (Jickeli)............... 25 ‘ 1 : 2 
PUStdiumt BP sa.s< Aa cee ie eel coe ; Ag : 2 

fl Moyet: CMemneteoe o.com cond. ones 1038 . 562 . 1060 . 108 


At first sight this list seems to differ markedly from that of Germain (1935), 
but some of the differences are of nomenclature only. The most important difference, 
and it is considered more fully below, is of the inclusion here of the first records of 
Quaternary land mollusca from Bégour. 

Germain recorded several forms of Lymnaea from this locality, namely africana, 
natalensis var. exserta, and vignoni, but all the specimens recovered by us have been 
called natalensis. They seem to form, as far as one can tell from broken fossil material, 
a series showing a wide range of variation from a very slender form to a much more 
inflated form (PI. III, a—n). In this series, d is almost identical with Germain’s drawing 
of L. natalensis var. exserta, while m and n approach L. vignoni. The differences in 
shell proportions do not seem to be solely functions of the stages of growth, but due 
to an innate variability. It is at least doubtful whether there is more than one African 
species of Lymnaea, apart from Palaearctic species in the north, for the number of 
species recognized has been reduced over the years and Hubendick (1951) regards 
them all as races of one species, L. natalensis. 

Biomphalaria pfeiffert (Pl. I, a-d) is almost certainly the shell listed by Germain 
as Planorbis stanleyi. The African species of Biomphalaria are difficult to identify 
from complete shells, let alone from broken fossil material, while the successful 
crossing with the production of fertile offspring of Egyptian Biomphalaria with 
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Brazilian Australorbis (Barbosa, 1956) emphasizes the difficult taxonomic position. 
However, a recent comprehensive study by Mandahl-Barth (1957) of Biomphalaria 
has led him to divide the genus into a number of groups of ‘species’, which seem to 
differ mainly, as far as shell characteristics are concerned, in the ratios of height of 
last whorl to shell diameter and of umbilicus diameter to shell diameter. Graphs 
of these ratios for Bégour shells (Fig. 2) may be compared with Mandahl-Barth’s 
graphs, some of which are adapted to form Fig. 3. The Bégour graphs, with their 
parallel or near parallel curves, A and B, seem to resemble the pfeifferi group and 
probably most closely pfeifferi riippellii (Fig. 3), just as the shells themselves seem 
closest to Mandahl-Barth’s plates of this species. Bégour, sample A, has a slight 
convergence, but not enough in my opinion to make the shells B. alexandrina, 
especially as most of the shells measured were young or broken so that the right-hand 
parts of the curves are not well fixed. None of the Bégour specimens can be 
B. stanleyr (Fig. 3), though they are more like other members of the choanomphala 
group to which this belongs: they have, however, a more rapid rate of increase of 
umbilicus diameter, i.e. a less rapid expansion of the whorls, and very slight differences 
in this feature are often very significant in determining species in Planorbidae. 
French authors (e.g. Germain, 1935 and Jodot, 1953) have regarded B. stanley: and 
B. bridouxiana, which is widely recorded from the Sahara (Fischer-Piette, 1948, 
1949), as synonyms, and bridouxiana is listed by Mandahl-Barth as a subspecies of 
B. pfeiffert closely related to B. pfeiffert riippellii. Hence, it seems very likely that 
the French records of stanleyi and bridowxiana from Saharan localities refer to the 
same species which is here being called pfezfferi. 

Anisus costulatus (Pl. I, h-k) is probably the shell recorded by Germain as 
Planorbis fouladougouensis from Bégour, a record based upon one immature specimen. 
The latter species was originally founded by Germain (1917 b) on specimens from 
Toukoto on the River Senegal. Although compared with certain other African species 
by Germain, the similarities between costulatus and fouladougouensis—and from 
Germain’s description and figure they must be practically identical shells—were not 
mentioned, probably because costulatus was originally described from South Africa. 
But costulatus has a wide African distribution (Connolly, 1939) including Abyssinia 
and Somalia (Bacci, 1951) and there are several records of it in the Sahara, in the 
Ahaggar (see below) and as fouladougouensis at Tedjerhi (Fischer-Piette, 1948) and 
at Fort Flatters (Fischer-Piette, 1949). The shells from Bégour and the Ahaggar 
seem identical with costulatus as described and figured by Pilsbry & Bequaert (1927) 
and Mandahl-Barth (1954) and with specimens of this species at the British Museum. 
Whether costulatus and fouladougouensis are synonyms is another question, but I 
am inclined to regard them as such and, in view of its distribution, to consider 
costulatus, which is the older name, as a typical widespread African species, possibly 
with many races, comparable with Lymnaea natalensis. 

Anisus dallonii (P|. I, -m) was founded upon fossil shells from Bégour by Germain 
(1935), who left the question of its relations with P. toukotoensis open. The latter 
species was originally described from the Senegal river with fouladougouensis by 
Germain (1917 b). Germain thought that there were slight differences in size, striation 
and the rounding of the last whorl, but the first and last of these points are probably 
questions of the size of the fossil specimens and the second the result of comparing 
living and fossil shells. P. dallonii has been found living at Brak in the Fezzan and 
specimens have been dissected (Ranson & Cherbonnier, 1953), but no reference to its 
possible relation with toukotoensis was made. The same species also occurs in the 
Ahaggar (see below) and cannot be very different from Planorbis (Gyraulus) bellaires 
(Jodot, 1953) from Tedjerhi. The name of the Saharan species will be used here in 
ease it, and possibly also toukotoensis, if they are the same, is found to be identical 
with some other small African Planorbid. 

Bulinus truncatus (P1. II, p-q) is here used in Mandahl-Barth’s sense of a group 
of species. The shell is very variable and Mandahl-Barth lists Germain’s records of 
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B. strigosus under truncatus, while B. contortus, also widely recorded from Saharan 
stations, is probably also to be put in the same group. 

Gen indeed Pisidium landeroini from Bégour but the two valves Sen CAN 
by us (Pl. III, r-s) are not this species, if one may judge from specimens authenticate 
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Fic. 2.—Graphs of diameters of Biomphalaria species plotted against height of last whorl (A) 
and against umbilicus diameter (B). 


by Germain in the Kennard collection in the British Museum. Mr S. P. Dance 
considers that these two valves resemble a depauperate form of P. milium. 

All the land snails are new records. The two fragments of Succinea (Pl. IT, p-¢) 
are unfortunately quite impossible to determine. 

Gastrocopta klunzingert (Jickeli) (Pl. II, n-o) is an interesting record of an 
Kthiopian species recorded living from Abyssinia, Senegal, Kenya and Tanganyika 
(Adam, 1954). The fossil record of Gastrocopta insulsa (Preston) from Kharga 
(Gardner, 1935) almost certainly refers to the same species, as is evident from both 
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plate and description. Preston’s species (Preston, 1913) was first i 

. . “9 . Z e d 
race or mutation of Jickeli’s species by Pilsbry (1921) and later Peardedi a sai 
of it (Pilsbry, 1926; Adam, 1954). _ : 
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Fic. 3.—Graphs similar to those of Fig. 2 for one species from each of Mandahl-Barth’s Biom- 
phalaria groups: these curves have been adapted from Mandahl-Barth, 1957, Figs 2-4 
and pecked where they have been extended to the left of his original graphs. 


Thapsia vesti (Jickeli) is a suggestion as to the identity of the Bégour shell (Pl. H, 
k-m). Jickeli (1874) described the species as having a diameter of 2 mm., a height 
of 14mm., four whorls, being narrowly umbilicate, finely striate and with scarcely 
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visible spiral striae. All this and his figure, although not sufficiently detailed for 
accurate comparison, agree very closely with the Bégour shells, much more closely 
than the descriptions of any other small African snails, except for the fact that J ickeli 
says nothing about his species showing only the very delicate wavy spiral striae 
underneath, thus causing a characteristic difference in ornamentation between the 
upper and. lower surfaces. Jickeli found his species in Eritrea and it does not seem 
to have been found since, because Bacci (1951) apart from changing Jickeli’s unsuit- 
able generic name, Microcystis, merely repeats the original locality. A search through 
Thapsia species at the British Museum produced none small enough to be compared 
with the present species. 

Zootecus insularis (Pl. IIg) was found on the surface at Bégour and four apical 
fragments, which could be referred to the species, were found low down in the deposit. 
It has a wide range in arid and semi-arid localities from the Cape Verde Islands to 
India and is known fossil from a number of west Saharan localities (Fisher-Piette, 
1949), the Ahaggar (Pallary, 1934) and Kharga (Gardner, 1935). Many species have 
been described but they are probably all local races (Pilsbry, 1906). 

Both from the lithology and from the mollusca contained in them these beds are 
clearly lacustrine sediments in a crater. The rarity of land mollusca presents a prob- 
lem. The rainfall may have been high enough to cause the water table to rise without 
being high enough greatly to increase the land vegetation and thus provide conditions 
favourable for land snails. Alternatively, this may have been a quiet lake and the 
samples collected too far from the former shore line for many land mollusca to have 
found their way in after death. But land mollusca are generally rare in Quaternary 
collections from the Sahara and the former explanation is probably the better. 
The decline in the proportion of land mollusca from about 4:5 per cent of the total 
in sample A to about 0-5 per cent in sample C would seem to indicate deterioration 
of climate and vegetation. 

Unfortunately, because of doubts about the identity of some of the mollusca 
and scarcity of knowledge about the ecology of small African species, one cannot do 
much about inferring ecological conditions on land. Succinea is a marsh genus and 
was probably confined closely to the borders of the lake. Jickeli records that he 
found both G. klunzingeri and 7’. vesti under rotting leaves, pieces of wood and stones, 


DESCRIPTION OF PLATES. 


PuatTe I 
a-d Biomphalaria pfeifferi (Krauss) Bégour 
e-g Biomphalaria alexandrina (Ehrenberg) Ahaggar 
h-k Anisus (Gyraulus) costulatus (Krauss) Bégour. 
l-n Anisus (Anisus) dallonit (Germain) Bégour. 
o-q Anisus (Gyraulus) sp. Ahaggar. 

Prats IT 
a-c Segmentina angusta Jickeli Bégour. 
df Segmentina angusta Jickeli Ahaggar. 
g- Zootecus insularis (Ehrenberg) Kayougué 
h-j Zonitoides nitidus (Miiller) Ahaggar. 
k-m  Thapsia vesti (Jickeli) Bégour. 
n-O Gastrocopta klunzingeri (Jickeli) Bégour. 
p-qd Succinea sp. Bégour. 
r Melanoides tuberculata (Miller) Bégour. 

Puate III 
an Lymnaea natalensis Krauss Bégour. 
0 Bulinus truncatus (Audouin) Ahaggar 
p-q  —- Bulinus truncatus (Audouin) Bégour. 


Ts Pisidium sp. Bégour. 
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Le. in the typical damp shady situations sought by mollusca, on the highlands of 
Eritrea, up to 4500 ft in the case of the latter species. At present these highlands 
seem to get 10—20 in. of rainfall a year and to have a larger snail fauna than Tibesti 
had in the Pleistocene, so that land mollusca cannot be used as evidence for any 
great increase in precipitation, though it should be remembered that there are distri- 
butional controls on mollusca other than climate. 

The terrace near Kayougué yielded only four specimens of Zootecus insularis, a 
steppe or semi-desert species, so that little light is thrown on prevailing geographical 
conditions. 

The terrace sample from the headwaters of the Wadi Irharhar on the northern 
side of the Ahaggar yielded the following :— 


Lymnaea truncatula (Miiller)......... 8 
Biomphalaria alecandrina (Ehrenberg) 14 
Anisus (Gyraulus) costulatus (Krauss). . 12 
ANUSUS (GUT GILLES) SPsrerere oiswie lo creole bike 4 
Anisus (Anisus) dalloni (Germain)... . 7 
Planorbis (Armiger) crista (Linné)... . 26 
Segmentina angusta Jickeli........... 5 
Bulinus truncatus (Audouin)......... 10 
Succinea cf. pfeifferi Rossmassler..... 3 
Vertigo antivertigo (Draparnaud)...... 3 
Vallonia pulchella (Muller)........... 20 
Rumina decollata Linné............-- 2 
Zonitoides nitidus (Miller)........... 11 

PO GALS cos. co tcvene eons ss yehen ans 125 


Many of the species especially the freshwater ones have been discussed in con- 
nection with Bégour. The Biomphalaria (Pl. I, e-g) seems to be different in the 
proportions of its shell from the Bégour species and the nature of the lack of paral- 
lelism between the curves of the ratios between height of last whorl and diameter 
and between umbilicus and shell diameters (Fig. 2) clearly puts it into Mandahl- 
Barth’s alexandrina group rather than his sudanica group (Fig. 3). The Segmentina 
(Pl. II, d-f) is not identical with the one from Bégour for it shows a slightly different 
rate of whorl expansion, which is probably not sufficient, however, to put it outside 
the possible variation of angusta, a widely-distributed species. Equally, the Bulinus 
(Pl. III, 0) has a slightly higher spire than the Bégour shells, but is still probably 
to be included in Mandahl-Barth’s truncatus group. 

Of the Palaearctic species V. pulchella and R. decollata are recorded living and 
fossil from the Ahaggar (Pallary, 1934), while L. truncatula, S. pfeiffert and P. crista 
are all known as Pleistocene fossils in Algeria (Pallary, 1901). LZ. truncatula is also 
recorded from El Goléa and S. pfeiffert from Wargla. This leaves Z. nitidus (Pl. I, 
h-j) and V. antivertigo as new records in north-west Africa, but both have been 
recorded from Kharga (Gardner, 1935) and either V. antivertigo itself, or something 
very like it, was recorded from Algeria as V. dischelia and V. maresi by Bourguignat 
(1864). Thus, these records of Palaearctic species fossil in the Ahaggar mostly extend 
the ranges of species already known to have lived in north-west Africa. 

The Anisus (Gyraulus) sp. (Pl. I, o-g) remains unknown. Nothing quite like it 
has been found in the numerous descriptions of small Planorbidae from West Africa, 
Algeria and Egypt. Neither can I find specimens to match it in the British Museum. 
The largest specimen of the four fossils is 2-6 mm. in major diameter, 2:1 mm. in 
minor diameter and 0:9 mm. high. It consists of three fairly rapidly increasing well- 
rounded whorls, regularly and delicately striated, and terminating in an almost 
circular aperture with a white internal rib. The shell is almost flat above and slightly 
concave below. The thickening near the aperture on the figured specimen seems to 
have been caused by the recommencement of growth and is not a diagnostic feature. 
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The mollusca from the Ahaggar are almost all freshwater species and land species 
such as might be expected on marshy ground adjacent to a stream. 


(3) BIo@EOGRAPHICAL CONSIDERATIONS (B. W. 8.) 


The Sahara is the natural division between the Palaearctic and Ethiopian mollusca 
regions ; the Nile the obvious weakness in that barrier, as is shown by the number 
of Ethiopian species known from Egypt, whence they probably spread along the 
Mediterranean coast into north-west Africa. In the Pleistocene period somewhat 
wetter conditions prevailed at certain periods and shallow lakes and streams in the 
wadis allowed the faunas to spread more readily into the Sahara and merge there. 

In dealing with fossil and subfossil mollusca from the Sahara, one cannot pretend 
to have any idea about the contemporaneity or otherwise of the faunas. Such a 
question is unanswerable in many European examples even with the wealth of 
evidence available there. In the Sahara the deposit may be any age from the earliest 
Pleistocene until nearly recent. Thus one must speak only in the most general terms 
of the Pleistocene biogeography and-no assumption about the synchronism of deposits 
should be made. 

The general pattern revealed by a perusal of earlier work is of entirely Ethiopian 
faunas in the desert deposits south of about 20-23°N., for example (Fig. 4) the 
faunas listed for Itchouma (Fischer-Piette, 1948), for places around Bir Natrun and 
Ennedi (Sandford, 1936), for Bilma (Germain, 1917 a) and for the area between the 
Niger bend and Lake Chad (Germain, 1911). Solidly Ethiopian faunas extend into 
the Tibesti, to Tedjerhi in the Fezzan (Fischer-Piette, 1948), the suggested north- 
west African origin of Paludestrina peraudiert from that place being later retracted 
(Fischer-Piette, 1949). Palaearctic species, on the other hand, are known from 
Kharga (Gardner, 1935) and Faiyum (Gardner, 1932), from the Ahaggar (Pallary, 
1935), from the oases between the Ahaggar and the Atlas (Germain, 1917 a) and 
from the area between southern Rio de Oro and Teghaza (Fischer-Piette, 1949). 
But between the Ahaggar and Egypt they appear to be unknown in the interior, 
except for a record of Lymnaea ovata for the Fezzan given with doubt by Zavattari 
(1934). There are also no records of Palaearctic species in the Kufra oases. Thus, 
in the central section of northern Africa the Palaearctic fauna seems to have been 
prevented from moving southwards. In the north-west Palaearctic elements probably 
moved south as Ethiopian elements moved north, though these last may have been 
derived along the Mediterranean coast from the Nile, to give the typical mixed fossil 
faunas of the Ahaggar and localities between it and the Atlas. 

Into this pattern the present collections fit well. The Ahaggar collection shows 
that more Palaearctic species than had previously been suspected moved south at 
some time in the Pleistocene. The Bégour collection, including the new records of 
land species, are all Ethiopian, with the possible exception of Pisidium milium. 
Presumably the core of the Sahara, the permanent desert as suggested by Gautier 
(1928) from the lack of wadis, lay in the Libyan Desert, remained unaffected by 
Pleistocene pluvial periods and so prevented southward migration of mollusca. 
Migration of mollusca into this area from the south may have been rendered somewhat 
easier by lakes between Chad and Tibesti, as well as by a possible slight amelioration 
of the Tibesti climate. 


Our thanks are due to the late Mr Hugh Watson for his opinions on some of the 
mollusca and for suggesting the correct generic names to use for the smaller Plano- 
bidae: to Mr 8. P. Dance for his opinion on Pisidium and for helping in the search 
for specimens in the British Museum : and to Mr R. J. Chorley for fitting formulae 
to our graphs and for testing the probability of the lack of parallelism on the Ahaggar 
graphs. 
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SMALL MAMMALS FROM HERM ISLAND 


By Tue Eart or CrRAnsroor, F.LS. & 
PETER Crowcrort, F.L.S. 


INTRODUCTION 


RECENTLY we described the distribution of white-toothed shrews (Crocidura) in the 
Channel Islands (Cranbrook & Crowcroft, 1958), and drew attention to the lack of 
records from the smaller islands, particularly Herm. This island, lying almost mid- 
way between Guernsey and Sark, had apparently never been surveyed for small 
mammals. As Guernsey had been shown to be inhabited by Crocidura russula 
(Hermann) and Sark by Crocidura suaveolens (Pallas), the identification of the shrews 
of Herm, if any were present, was of especial interest. In addition to C. russula, 
Guernsey has a short-tailed vole (Microtus arvalis sarnius Miller), and a wood-mouse 
(Apodemus sylvaticus (Linn.)). The latter is also present on Sark, but voles are absent. 

As Herm is separated from Guernsey only by shallow waters it is highly probable 
that the two formed parts of the same island in comparatively recent times. Sark, 
on the other hand is separated from the two by a much deeper channel, and the nature 
of the former land connections is obscure. Thus the small mammals of Herm could 
be expected to have greater affinities with those of Guernsey. It was of equal interest 
to discover which species had survived on such a small island. The maximum dimen- 
sions of Herm are about one and a half miles long and half a mile wide, not more than 
two-thirds of the 600 acres having cover suitable for small mammals. 


MetHops AND MATERIAL 


In April 1959 the tenant of Herm, Major Peter Wood, kindly allowed us to trap for 
small mammals on the island. Trapping was carried out with Longworth live-traps 
and Museum Special break-back traps. Trap-lines were placed in the main types of 
habitat, extending from shore-level to the central plateau. In addition much hand- 
searching of the vegetation was carried out, especially in dense cover, in which the 
runways of Microtus (or in Jersey, of Clethrionomys) are normally found. 

Forty-seven small mammals were obtained (including a number subsequently 
trapped by Mr Paul Glet), and of these 27 were white-toothed shrews and the re- 
mainder wood mice. All of the specimens have been deposited in the British Museum 
(Natural History). 

In addition to being more numerous, the shrews were more widespread, wood 
mice being obtained only in the Manor House Garden and in blackthorne-gorse- 
bramble scrub. There were marked differences in the density of the shrews in different 
habitats. In ‘ favourable ’ habitats, such as dense Brachypodium mixed with brambles 
and bracken, bordering fields on the central plateau, one shrew was obtained for every 
six ‘ trap-nights’. In other habitats, however, where the superficial cover lay over 
rather bare earth, the trapping effort per shrew was three or four times as great. 

The principal dimensions of the shrews are given in Table I. Skull length and 
palate length include the incisors. The degree of tooth wear is given as a rough guide 
to age. Although it is sometimes difficult to distinguish between ‘little’ and 
‘moderate ’, and between ‘ moderate ’ and ‘much’, the classifications ‘ little’ and 
‘much ’ tooth wear are reliable guides to age. This is confirmed by the correlation 
between tooth wear and reproductive condition. 

The principal dimensions of the wood mice are given in Table II. The only skull 
measurements given are those used by Cranbrook (1957) for differentiating between 
Apodemus sylvaticus (Linn.) and A. tauricus (Pallas) (A. flavicollis (Melchior)). The 
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‘index ’ is obtained by converting the diameter of the upper incisors measured from 
front to rear into a percentage of the occipito-nasal length. 

No voles were caught, and intensive searching revealed no signs of runways or 
grass cuttings anywhere on the island. It seems certain that the Guernsey vole is not 
present on Herm. 

The only other wild mammals seen on the island were rabbits, which were par- 
ticularly numerous on the heavily grazed dunes at the wide northern end of the 


TaBLE I.—Principal measurements (in mm.) of Crocidura russula russula 
from Herm Island 


Brit. Head 
Mus. and Hind Repro- 

Reg. body Tail foot Skull Skull Palate ductive Tooth 
No. Sex length length length length width length condition wear 
60.183 ree io) 40 1p ic 19-5 8-9 8-8 Testes 4mm. Moderate. 

60.184 3 78 40 12-5 19-6 9-0 8-9 Se Pyeeabaas p 
60.185 3 fl 39 12-3 les: 9-1 8-8 » 4mm 
60.186 3 74 40 Uys 19-4 8:9 8-7 >» 4mm. Much. 
60.187 3 78 44 12-1 20-0 9-3 9-1 >» 4mm. Moderate. 
60.188 3 io) 38 11-8 19-3 8-9 8-6 » 4mm. a 
60.189 3 75 40 filets} UGiat wet 9-0 Spe Giecouany Little. 
60.190 3 73 38 VG 19-5 8-9 8-9 » 4mm. Moderate. 
60.191 3 76 43 11-9 197 9-1 8-9 >» 4mm. op 
60.192 3 715 40 12-1 19-6 9-2 8-8 ee mam, aa 
60.193 3 78 42 11-6 19-4 9-0 8-8 >» 4mm. a 
60.194 3 76 43 (iliotss LOT 9-0 9-0 Se akeavaals Little. 
60-195 3 74 38 1:3 18-6 8-8 8:4 > 4mm. Much. 
60.196 3 71 40 13-0 20-1 9-3 9-1 se Little. 
60.197 Q 80 43 12-2 19°3 9-0 8-7 Pregnant Moderate. 
60.198 Q Tl 40 11-5 19-1 8-9 8-7 Immature Little. 
60.199 Q 66 38 11-9 18-9 8-8 — 5s oF 
60.200 Q 80 42 Ibe’) 19-3 9-0 Bre Pregnant Much. 
60.201 o 79 39 11-6 19-2 9-0 Sai) Immature 26 
60.202 fe) 78 4] 11-6 19-2 9-0 8-7 Pregnant Moderate. 
60.203 Q 72 40 hoes} 19-3 8-9 8-7 Immature Little. 
60. 204 2 80 38 11-8 19-8 9-1 9-0 Lactating Much. 
60.205 2 77 41 p19 OE 8-8 8-6 - 3s 
60.206 2 72 42 12-2 is 9-0 63 Immature Little. 
60.207 © 80 4] 11-8 19-4 9-0 Sei7 Lactating Moderate. 
60.208 Q 73 41 11:6 19-6 9-0 8-9 oe f 
60.209 Q 78 40 12-0 LG }en 9-0 8-7 Much. 
Mean 75°7 40-4 11-87 19-42 9-00 8-80 
Mean of 26 Guern- 

sey specimens 73°7 38-8 11°87 19-52 9-04 8-96 
Mean of 25 French 

specimens ie 006 im 19-90 9:07 9-23 


island, and brown rats (Rattus norvegicus (Berkenhout)), whose identity was con- 
firmed from a specimen captured by Mr Glet. It is not known whether or not ship 
rats (Rattus rattus (Linn.)) and house mice (Mus musculus Linn.) are present. (At 
os om of our visit tame house mice were the favourite pets of children on the 
island. 

One of us, by kind permission of the tenant, Group Captain W. H. Cliffe, was 
able to set two dozen break-back traps for two (rainy) nights on the island of Jethou 
which is separated from Herm by a narrow channel, but no shrews or mice were 
caught. There were no signs of vole runways. Rabbits were seen on the island, and 
Group Captain Cliffe reported that rats were present, although the species has not 
been identified. 
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TasLeE II.—Principal measurements (in mm.) of Apodemus sylvaticus 
from Herm Island 


Brit. Head 

Mus. and Hind Occipito- Diameter 

Reg. body —— Tail foot nasal of upper Tooth 

No. Sex length length length length incisor Index wear 
60.218 3 112 90 25 27°7 1-14 4-12 Moderate 
60.219 3 91 92 24 25-2 1-19 4-72 Little. 
60.220 3 95 94 24 25-8 1-24 4°81 
60.221 3 106 106 25 27-3 1:30’ 4:76 ‘Much. 
60.222 3 108 98 25 28-1 1-32 4-70 $3 
60. 223 3} 105 97 25 27-6 1-29 4-67 
60.224 3 103 87 24 26°6 1-25 4-70 Moderate. 
60. 225* 3é oil 89 24 26-6 1-22 4-59 Little. 
60. 226* 3 98 92 23 26-8 1:29 4:81 Moderate. 
60.227* 3 86 90 24 a 1-20 ws Little. 
60.228 Q 102 98 23 26-4 1:26 4-77 Moderate. 
60.229 Q 107 96 23 26-6 1-30 4-89 a 
60.230 Q 96 92 23 26°6 1-15 4-32 ts 
60.231 Q 98 95 . 24 27-1 1-21 4-46 Z 
60.232* Q 91 85 23 26-5 1-22 4-60 Little. 
60. 233* Q 90 88 23 26-1 1-21 4:64 Moderate. 
60.234* Q 93 wee 23 26-2 1-22 4-66 Little. 
60. 235* 2 94 89 23 26-3 1-28 4-87 Moderate. 
60. 236* Q 96 86 23 26-8 1-36 5:07 Fi 
60.237* Q 92 90 23 26:1 1:27 4-87 Little. 
Mean 9727 92-3 23°7 26-7 1-25 4-69 


* Measured after preservation in alcohol. 


DISCUSSION 


The shrews from Herm are indistinguishable from those of Guernsey, and their 
dimensions completely overlap. Thus in making comparisons with continental forms, 
the collections from the two islands can be treated as a single sample. 

Montagu & Pickford (1923) described Crocidura russula peta from 12 animals 
collected by Pickford in Guernsey, together with four Guernsey specimens previously 
allocated by Miller (1912) to CO. r. russula (Hermann). They distinguished the Guernsey 
subspecies on the grounds of its small size :—‘ The uniformity of the small dimension 
throughout the now extended series leaves . . . no doubt of the distinct nature of the 
Guernsey race.’ 

Examination of further specimens from Guernsey (Cranbrook & Crowcroft, 1958) 
and of the series from Herm, appears to remove the grounds for treating them as 
distinct from C. r. russula. There is, indeed, no doubt that the Guernsey-Herm shrews 
are smaller on the average than continental C. r. russula. About half of the French 
specimens examined had slightly longer skulls than the largest individuals from 
Guernsey and Herm. On the other hand, only one specimen from these islands had a 
skull which was smaller than the smallest example from France. The hind foot 
measurements tend to be smaller than the accepted average for C. r. russula but 
again, only a small proportion are smaller than the presumed minimum for the typical 
race. The head-and-body measurements given by Montagu & Pickford (1923) are 
smaller than the minimum for C. r. russula, while ours fall well within the range. 
This discrepancy may be due to differences in measuring techniques, but age and 
seasonal effects may have contributed. 

No colour differences can be discerned between the Guernsey and mainland forms. 
Montagu & Pickford (1923) describe the colour of O. r. peta as ‘nearly as in C. r. 
russula’, but also state, ‘ The normal coloration is not to be differentiated from that 
of the dark typical form. The few light specimens, those collected in 1908, are prob- 
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ably only characteristic of the seasonal conditions in the presence of which a similar 
lightness occurs in C. 7. russula.’ 

Thus the degree of overlap in the dimensions and coloration of C. r. russula and 
C. r. peta is so great that, although many continental specimens can be stated not to 
be peta because of their large size, no specimen from Guernsey or Herm can be 
recognized as peta except by observing its origin on the label. As their geographical 
isolation alone cannot be accepted as justification for regarding them as a distinct race, 
we treat the Guernsey and Herm shrews as populations of C. r. russula characterized 
by a tendency to small size. 

The Apodemus of Herm are not distinguishable from those of the other Channel 
Islands, as far as we can judge from the available material. They must be allocated, 
therefore, to A podemus sylvaticus (see Cranbrook loc cit.). In colour they differ slightly 
both from continental A. sylvaticus and A. tauricus (A. flavicollis), being brighter on 
the back and flanks than the former, but not so russet as the latter. The chest spot is 
extremely variable ; in one male (B.M. No. 60.218) it is broad and linked in front of 
the fore limbs with the russet of the sides of the neck, almost as in A. tawricus wintoni ; 
in others of both sexes it consists of a longitudinal stripe which may extend back- 
wards as far as the middle of the belly ; in others again, it is absent. 

The specimens cannot be allocated with confidence to A. s. sylvaticus principally 
because of their large size. We trust, however, that the temptation to designate them 
a distinct race will be withstood until series of specimens taken in all seasons are 
available from all of the islands, when it may prove possible to resolve the question 
satisfactorily. 
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THE DISTRIBUTION OF TESTATE AMOEBAE (RHIZOPODA : 
TESTACEA) IN SOME FENS. AND BOGS IN NORTHERN ENGLAND 


By O. W. Hea 
Department of Zoology, Durham Colleges, University of Durham! 


(Communicated by C. C. Hentschel, F.L.S.) 


1. INTRODUCTION 


STEINECKE (1913) appears to have been the first person to carry out a detailed survey 
of Testacea of peat bog and fen areas. Based on this, and his own earlier studies, 
Harnisch (1927) postulated a series of testate associations characteristic of Flachmoore, 
Zwischenmoore and Hochmoore (see p. 379) in central Europe. Further detailed 
surveys have been carried out by Gauger & Ziegenspeck (1931), Jung (1936 a, b), 
Jung & Spatz (1938), Thunmark (1942), Messikommer (1943), Paulson (1952) and 
particularly de Graaf (1956, 1957). These have shown that in certain features, the 
system of Harnisch is applicable to other European areas. 

In Great Britain, no detailed survey has been made, although a number of species 
aa ae been published from inadequately described sites (References in Cash e¢ al., 

901-19). 

The present survey records Testacea from Sphagnum collected from sites in 
northern England, giving a range of conditions from base-rich fens to base-poor, dry 
bogs. 


2. METHODS 

Each sample comprised about six strands of Sphagnum placed in a 2 x 1 in. glass 
tube. This was examined qualitatively for Testacea within a few days of collection or 
preserved in 70 per cent alcohol for later study. 

pH measurements were taken electrically either in situ or from the sample within 
24 hours of collection. The water content (W) of each sample was recorded using the 
following scale. 

1. Submerged. 

2. Saturated, water running out without pressure. 

3. Wet, little pressure needed to release water. 

4. Fairly wet, firm pressure required to release water. 

5. Dry, strong pressure required to release water. 


Sphagnum was identified according to Proctor (1955). 


3. AREAS STUDIED 
The sites were mainly selected to fit in with the water analyses of Gorham & Pearsall 
(1956) and Gorham (1956 a). 


A. Esthwaite North Fen, Lancashire 
The vegetation of this area (Nat. Grid Ref. SD 355975, about 60 m. above sea 

level) has been described by Pearsall (1918) and Tansley (1939). The samples listed 
below were taken within the succession: Phragmites reedswamp, Betula-Alnus-Salix 
carr and Molinia lacustrine bog, to grass and sedge meadow, on the north edge of the 
fen. 

1 Present address, Department of Botany and Zoology, Chelsea College of Science and Tech- 
nology, Manresa Road, London, 8.W.3. 
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Samples collected on 28.vii.58 are grouped as follows. 


Ai. Seven samples of 8. subsecundum Nees from a wet flush in the Phragmites zone, 
with Typha, Iris, Carex spp. and other fen vegetation. W 1, pH 6-2-6-4, — 

A2. Six samples of 8. subsecundum just above water level in the Phragmites zone. 
W 2, pH 4-7-4:8. 

A3. Five samples of S. recurvum P. Beauv. and S. rubellum Wils. from narrow peaty 
runnels between tussocks in Molinia zone. Myrica, Nartheciun and Filipendula occur 
locally. W 2, pH 5-6-5-9. a 

A4. Seven samples of S. sgyuarrosum Pers. and S. rubellum in Molinia zone. W 4. 


B. Sunbiggin Tarn, Westmorland 


Holdgate (1955 b) has described a rich fen community on the edge of Sunbiggin 
Tarn (Nat. Grid Ref. NY 677076, about 250 m. above sea level). In Carex rostrata 
Stokes fen, S. contortum Schultz is present, either submerged (pH 6-5-7-0) or just 
emergent (pH 5:3). The area is almost certainly flooded periodically by Tarn water, 
pH 8-2 (Holdgate, 1955 b). 

The following samples were taken on 12.xi.57 and 2.vi.58. 

Bi. Highteen samples of 8. contortum from C. rostrata fen. W 1-2, pH 5-3-7-0. 
B2. Five S. palustre L. samples from a dry hummock in Filipendula-dominated 
“upper fen’. W 5, pH 3-3-3-5. 

Calcareous springs, about 0-5 km. south-west of the Tarn, give rise to mounds of 
tuffa and flushes of rich fen vegetation with Carex spp. and much Scorpidium scorpioides 
(Hedw.) Limpr. in shallow water, pH 6-1-7-9. Holdgate (1955 a) describes these areas, 
but does not mention an area in which Sphagnum occurs, often in hummocks. 
S. subsecundum and 8. plumulosum Réll. occur at the base of the hummocks and on 
saturated areas bordering the open water, associated with Scorpidium scorproides. 
The pH of these sphagna was 4:1-5-4, but this will fluctuate with variation in the 
water level. The samples were taken on 2.vi.58. 

Shallow areas of S. papilloswm Lindb. less than 15 cm. above water level are 
frequent with some Calluna, Erica and Carex spp. In well-developed hummocks, 
S. rubellum is dominant. The pH of these hummocks corresponds closely with the 
pH of the hummocks in bog areas. 

This spring area is of the type described by Sjérs (1950) as ‘ mixed mire’ with 
‘moss islands ’ or hummocks of bog vegetation separated by a network of wetter fen. 

The samples are grouped as follows. 

B3. Seven S. subsecundum samples. W 2, pH 4:1-5:4. 
B4. Nine S. plumulosum samples. W 2, pH 4:1-5:4. 
B5. Seven 8. papillosum samples. W 3. 

B6. Twelve S. rubellwm samples. W 4-5, pH 3-5-3-9. 


C. Nibthwaite Swamps, Lancashire 


Gorham & Pearsall (1956) in a table headed‘... transitional lacustrine swamps’ 
give chemical data and list the main vegetation of ‘ Nibthwaite Swamp’. It is not 
possible to identify this site with certainty but it probably corresponds with the 
second site on the south-west shore of Coniston Water, about 40 m. above sea level. 

The first area (Nat. Grid Ref. SD 389899) is a small lacustrine bog with tussocky 
Molinia, separated from Coniston Water by a Phragmites zone with Carex spp. 

C1. Hight samples 8. subsecundum at the margin of the Phragmites zone and between 
Molinia tussocks. W 1-2, pH 4:4-5-2. Probably subject to flooding. . 

The second area (Nat. Grid Ref. SD 288903) is also separated from the lake by a 
Phragmites zone. It carries a mixed flora of M olinia, Eriophorum, Nartheciwm, M yrica 
and Sphagnum with two shallow pools with Carex, Menyanthes, Equisetum limosum 
L., Utricularia minor L. and Eriophorum angustifolium Roth. Drier areas with 
Calluna occur near the Torver—Blawith road. 
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C2. Four samples of 8. subsecundum from a puol: W 1-2, pH. 4-4-5-2, 
C3. Three samples of S. subsecundum beside a pool. W 3-4. 
C4. Four samples of S. nr. palustre? W 5. 


D. Lady Vane Pot, Moor House, Westmorland 


Lady Vane Pot (Nat. Grid Ref. NY 353345, about 570 m. above sea level) is an 
artificial pond, area about 600 sq. m. near the eastern boundary of the Moor House 
Nature Reserve. Well-marked zones of Chara, Hquisetum limosum, Potamogeton 
natans LL. and Carex rostrata are present and there are signs of considerable iron 
staining. On the western edge of the pond is a sward of Sphagnum about 1 m. wide, 
mixed with Juncus effusus L. and Carex rostrata. Gorham (1956 b) recorded a pH of 
8-1 for the pond water and there is a progressive increase in acidity of the Sphagnum 
sward away from the pond. Samples collected on 8.vii.58, 24.ix.58 and 24.xi.58 
are grouped as follows. 

Di. Seven samples of S. squarrosum at water’s edge. W 2, pH 5-2-6-6. 

D2. Five samples of S. squarrosum and S. recwrvum about 0-5 m. from the water’s edge. 
W 3, pH 4-2-5-7. 

D3. Five samples of 8. recurvum and 8. squarrosum about 1 m. from the water’s 
edge. W 4, pH 4:2. 


E Blelham Bog, Lancashire 


This is a Molinia-Myrica-Sphagnum lacustrine bog developed behind a narrow 
Phragmites-Carex reedswamp on the northern edge of Blelham Tarn (Nat. Grid Ref. 
NY 367007, about 40 m. above sea level). Sphagnum is more extensive than at 
Esthwaite. The pH of Sphagnum in the Phragmites zone and between the Molinia 
tussocks varied little. 

Samples collected on 29.vii.58 are grouped as follows. 

Ei. Seven samples of 8. subsecundum, four from Phragmites zone and three from 
between Molinia tussocks. W 1, pH 5-7-6:3. 

E2. Six samples of 8. subsecundum and 8. papillosum, four from the Phragmites and 
two from the Molinia zone. W 2-3. 

E3. Six samples of 8. papillosum from a small carpet on the bog. W 4-5, pH 4-1. 


F. Dale Park Swamp, Lancashire 

This area (Nat. Grid Ref. SD 361935, about 60 m. above sea level), is described by 
Gorham & Pearsall (1956) and Gorham (1956 a) as a transitional lacustrine swamp 
with some drier bog areas. It is formed in a shallow lake basin and has considerable 
Sphagnum cover. In the south-west corner is a large marginal stream from which 
relatively high pH values are recorded. Gorham & Pearsall (1956) quote 5-75-6-06, 
Gorham (1956 a) giving 6-19-6-86 for this zone. 

Samples collected on 30.vii.58 are grouped as follows. _ 
Fi. Seven samples S. subsecundum, 8. cuspidatum, S. papillosum from bog pools. 
W 1, pH 4-2. 
F2. Six samples of S. subsecundum, S. cuspidatum Ehrh. ex Hoffm., 8. papillosum 
and S. capillaceum (Weiss) Schrank. W 2-3, pH 4:1-4-2. 
F3. Five samples of 8. papillosum, S. capillaceum under Myrica cover. W 4-5. 
F4. Six samples S. recurvum at the edge of the marginal stream among Juncus 
effusus. W 1-2, pH 3-9-4-1. ; 
F5. Eight samples S. recurvum and S. subsecundum in the marginal stream. W 1-2, 
pH 4-7-5-6. 


G. Muckle Moss, Northumberland 
This is a flat bog about 2-5 km. long and 300 m. wide, developed in a shallow lake 
basin (Nat. Grid Ref. NY 805669, about 200 m. above sea level). Various plant com- 
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munities are present which have been much affected by burning, draining and grazing 
(Pearson, 1954). ; 

Samples were taken mainly from the western end of the moss in the following 
communities. ; — 

1. A central zone surrounded by a horse-shoe of pools of various size, containing 
Sphagnum. Among Pinus and Betula is a mixed Sphagnum and Polytrichum cover 
with Hriophorum angustifolium, Carex and Calluna. 

2. A Sphagnum hummock complex with pools rarely developed. 

3. A Calluna-Eriophorum vaginatum L. community with Sphagnum. 

4. A poorly-developed lagg with Betula and Salix over a Sphagnum sward, at the 
northern margin of the moss. 

The samples were collected on 11.vi.58 and are grouped as follows. 

G1. Seven samples of 8. palustre, S. cuspidatum and S. tenellum Pers. in pools. W 1, 
H 3-6-3:8. 

‘G2. Five samples of S. palustre, S. cuspidatum, S. magellanicum Brid., S. papillosum 

and S. capillaceum. W 2. 

G3. Nine samples of S. magellanicum, S. cuspidatum and S. palustre. W 3-4, 

pH 3-4-3:5. 

G4. Twelve samples of S. magellanicum, S. capillaceum and S. papillosum from 

hummock tops. W 4-5, pH 3-2-3-5. 

G5. Four samples of S. recurvum from lagg zone. W 2, pH 5-2-5:3. 

G6. Six samples of S. recurvum from lagg zone. W 3-4, pH 3:8. 

G7. Four samples of S. palustre and S. magellanicum from lagg zone. W 5. 


H. Valley Bog, Moor House, Westmorland 


The Moor House National Nature Reserve (Nat. Grid Ref. NY 761330, about 570 
m. above sea level) is an area of blanket bog and mixed moor (Conway, 1955). To the 
east of the field station is a small area of valley bog developed in a shallow lake basin 
and with a small drainage area. The Sphagnum cover is almost complete and developed 
into pools and hummocks, the plant succession being briefly described by Murphy 
(1955). 

S. cuspidatum grows in hollows up to 30 em. deep while S. subsecundum is abundant 
in shallower areas, often with T'richophorum caespitosum (L.) Hartman and Carex 
paupercula Michaux. During dry weather the water level falls below the peat surface 
particularly in S. swbsecundwm areas. 

S. recurvwm, though occasionally present in the hammock complex, is characteristic 
of flushes running on to the bog, mixed with Polytrichum commune L. under Juncus 
effusus. 

The hummocks rise to a maximum of 70-80 cm., but the succession is seldom 
complete, a hummock usually being dominated by S. rubellum or 8S. magellanicum. 
Eriophorum vaginatum and E. angustifolium occur over most of the area with Oxycoccus 
on the sides of the hummocks and Calluna and Cladonia on the drier areas. 

S. rubellum probably includes S. capillaceum (=S. nemoreum Scop.) and it is 
comparable with the S. acutifolium of Murphy (1955). 

Samples were taken during March, April, June, November and December of 1956 


and 1957. pH measurements taken on 27.xi.57, 10. vi.58 and 29.iv.59 showed little 
variation. 


H1. Fifteen samples of S. subsecundum. W 1, pH 4-0-4-6. 
H2. Fifteen samples of S. cuspidatum. W 1, pH 4-0-4-6. 

H3. Fifteen samples of §. recwrvum. W 2, pH 4:2. 

H4. Fifteen samples of S. papillosum. W 2-3, pH 3-7-4-0. 
H5. Fifteen samples of 8. magellanicum. W 4-5, pH 3-4:3:8. 
H6. Fifteen samples of S. rubellum. W 4-5, pH 3-4:3-7. 
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I. Rusland Moss, Lancashire 


Rusland Moss (Nat. Grid Ref. SD 335885, about 12 m. above sea level) is a raised 
bog, much damaged by cutting and draining. The main surface is dry relative to the 
other areas in the survey, and bears shrubby vegetation of Calluna, Myrica, Erica 
tetralix L., Hriophorum angustifolium, E. vaginatum, Molinia and Narthecium, with 
occasional pine and birch. Cladonia is common and the Sphagnum cover is well 
developed with few pools. 


The following samples were collected on 30.vii.58. 


I1. Hight samples of S. subsecundum, S. cuspidatum, S. tenellum and S. nr. palustre. 
W 1, pH 3-8-4-0. 

12. Seven samples of S. subsecundum, 8. papillosum, S. rubellum. W 2-3, pH 3-9-4-0. 
I3. Eight samples of S. papillosum and 8. rubellwum. W 4-5. 


4, IDENTIFICATION OF SPECIES 


The main works used for identification of Testacea were Cash, Wailes & Hopkinson 
(1901-19), Penard (1902) and Hoogenraad & de Groot (1940). For the genera Arcella, 
Centropyxis and Nebela, Deflandre (1928 b, 1929, 1936) is followed. 

In a number of cases the taxonomy was problematical and these are briefly 
discussed below. Where closely related species were inseparable, they are grouped 
under one name and the term complex added. All recorded species are listed in 
Tables I, II and ITI. 

Arcella catinus Penard.—Agrees with Hoogenraad & de Groot (1940), A. catinus 
Penard is synonymous with A. artocrea Penard but not A. artocrea Leidy. 

A. discoides Ehrenberg complex.—Agrees with Hoogenraad & de Groot (1940). 
The species includes A. polypora Penard, the status of which is doubtful. Considerable 
size variation was observed and many specimens corresponded to A. discoides var. 
scutelliformis Playfair. 

Difflugia spp.—Tests of D. bacillariarum Perty, D. elegans Penard, D. oblonga 
Ehrenberg, D. bacillifera Penard, D. acuminata Ehrenberg and D. brevicolla Cash, 
although variable, could be readily distinguished. No intermediates were found even 
when two or more species occurred together. Their specific status is therefore retained 
(cf. Stepanék, 1952). 

Centropyxis aculeata Ehrenberg complex.—Under this heading are included 
C. hirsuta Deflandre and C. aculeata var. oblonga Deflandre, which were identified by 
Prof. G. Deflandre. During the survey these were not distinguished. 

C. cassis (Wallich) complex.—Considerable difficulty was encountered with this 
group which includes at least C. cassis sensu stricto, C. aerophila Deflandre, C’. constricta 
Ehrenberg and C. kolkwitzi van Oye. Paulson (1952) records similar difficulties. 

Most specimens were 50-120, long, 30-90 « wide and 30-60 high, and varied in 
shape from almost circular to tests with almost parallel sides. if 

Lesquereusia spiralis Ehrenberg and L. modesta Rhumbler.—Stepanék (1952) 
suggests that these forms should be grouped under the ultra-species LeU. spiralis as 
L. spiralis spiralis and L. spiralis modesta because of the overlap in the test composition. 
In the present survey the species were usually readily separable despite test variation, 
and the specific names are retained. 

Nebela collaris Leidy.—This name has been used to cover a wide variety of forms, 
including such closely related species as N. tincta Leidy, N. flabellulum Leidy, N. 
penardiana Deflandre and WN. bohemica Taradnek (Jung, 1936 b ; MacKinley, 1936 ; 
Hoogenraad & de Groot, 1937). In the present survey the name is used in the restricted 
sense of Deflandre (1936), specimens varying in length from 102 to 150 ju and breadth 
76 to 96. They were distinguished from NV. tincta f. stenostoma Jung by the wider 
curved mouth and the lack of lateral pores. 
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N. lageniformis Penard.—It was not found possible to discriminate between 
N. lageniformis and N. wailesi Deflandre (=N. lageniformis var. minor Wailes). The 
status of these forms is questioned by Hoogenraad & de Groot (1940) and van Oye 
(1948, 1958). 4 (ap ? 

NV. griseola Penard.—As indicated by de Graaf (1956), it is difficult to separate this 
species from N. tenella Penard. Most of the specimens observed could be readily 
assigned to NV. griseola. ; 

Heleopera sylvatica Penard complex.—In the early stages of the survey it was often 
impossible to distinguish between H. sylvatica and H. petricola Leidy. The species are 
therefore grouped under the former heading. Later examination enabled them to be 
separated and indicated that H. sylvatica sensu stricto occurred in drier sites than 
H. petricola. ; 

Phrynganella hemispherica Penard complex.—Under this term are grouped a wide 
variety of forms varying from colourless specimens 40 in diameter, to dark indi- 
viduals about 180 4 in diameter. It is probable that at least P. hemispherica Penard 
(41-55 w) (=P. acropodia Hertwig & Lesser), P. nidulus Penard (160-221 4) and 
Difflugia globulosa Dujardin (24-260 j) are included. The distribution of these forms 
is not considered. ; 

Cryptodifflugia eboracensis Wailes—No intermediates were found between this 
species and C’. oviformis Penard (Hoogenraad & de Groot, 1940) but they are so similar 
in size, shape and structure that eboracensis is placed in the genus Cryptodifflugia 
rather than Wailesella (Deflandre, 1928 a). 

Corythion Taranek complex.—It was not possible to distinguish between the species 
of Corythion or to separate them from T'rinema spp. because of the difficulty in 
observing the component plates. The distribution of these forms is therefore not 
considered, except for large specimens of 7’. enchelys (Khrenberg) which could be 
readily separated. Paulson (1952) recorded similar difficulties. 

Cyphoderia ampulla Ehrenberg complex.—The specimens of Cyphoderia first 
examined were found to be C. ampulla (=C. margaritacea Ehrenberg) with non- 
imbricating plates. Prof. G. Deflandre examining specimens after the survey had 
been completed, identified ©. trochus var. amphorolis Wailes & Penard, with imbricat- 
ing plates. A re-examination of a number of samples showed both species to be present, 
but with no obvious difference in their distribution. 

Amphitrema wrightianum Archer complex.—The character separating A. wrighti- 
anum and A. stenostoma Niisslin is the presence or absence respectively of a collar 
encircling the mouth. This feature was sometimes obscured by foreign matter 
attached to the test and the species are therefore grouped together. Both species 
appear to be almost restricted to bog pools. 


5. DISTRIBUTION OF SPECTES 


The distribution of Testacea in relation to the habitats studied is shown in Tables ie 
IT and II. The sample groups are arranged approximately in a series, fen—bog pool— 
bog hummock, on pH, water content and vegetation. pH varied considerably with 
regard to the water table particularly in fen areas. This was particularly noticeable 
in Esthwaite North Fen and Sunbiggin Tarn where Sphagnum just above water 
level showed a much lower pH than submerged samples only a few centimetres 
distant (p. 370). Here as in other lacustrine areas flooding with neutral water will 
occur. For this reason such samples are grouped with other fen samples. 

The bog areas showed comparatively little variation in pH (3:2-4-6) and these 
samples are arranged mainly on water content and vegetation. 

It was not possible to take into account the seasonal variation in pH (Rose, 1953) 


as most of the areas were only visited once. Valley Bog, however, sampled throughout 
the year, showed little seasonal variation (p. 372) 
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The Testacea may be divided into the following groups (Tables I and Tt). 


A. Fen association. 
B. Bog association, 
(a) Bog pool. 
(6) Bog hummock. 
C. A group of eurytope species. 


A. Fen association.—This association contains a group of about 25 characteristic 
species largely restricted to the 15 base-rich sample groups (104 samples) with pH 
greater than 5-0. The species occurring most regularly are Quadrula symmetrica 
(Wallich) (in 41 per cent of the 104 fen samples), Lesquereusia spiralis (27 per cent), 
Nebela collaris (sensu stricto) (26 per cent), V. lageniformis (25 per cent), NV. penardiana 
(19 per cent), Huglypha rotunda Wailes (18 per cent), H. ciliata Ehrenberg (17 per cent), 
Pontigulasia bigibbosa Penard (15 per cent), NV. twbulosa Penard (15 per cent), NV. 
galeata Penard (14 per cent), Sphenoderia dentata Moniez (14 per cent). Cyphoderia 
ampulla and C. trochus var. amphoralis were present in 61 per cent of the fen samples 
but were not separated (p. 374). Other species largely restricted to fen areas, though 
present in relatively few samples, were N. bigibbosa Penard, N. maxima Awerinzew, 
Sphenoderia lenta Schlumberger, 8. fissirostris Penard, Arcella gibbosa Penard, 
A. hemispherica Perty, Difflugia tuberculata Wallich, D. lucida Penard, Pseudodifflugia 
nr. fulva (Archer), Huglypha tuberculata Dujardin and L. acanthophora Ehrenberg. 

These characteristic fen species were accompanied by eurytope forms discussed 
below (p. 379). 

No distinction between rich fen and lacustrine bog (poor fen) faunas was apparent, 
sites of spring and lacustrine origin bearing similar faunas. 

Muckle Moss G 5 is the only area with pH greater than 5-0 without a definite fen 
association. Here the pH of S. recurvum (W 2) was 5-2-5-3. All the other fen areas 
have open water and most of them are associated with large water bodies. The Muckle 
Moss lagg may therefore dry out more readily than other fen areas, causing a fall in 
pH in the surface Sphagnum. 

The fen areas contained a larger number of species than areas with pH less than 
5-0. 

Mean ++ 95 per cent Confidence Limits for 15 fen sample groups =30-1 + 3°53. 

Mean + 95 per cent Confidence Limits for 26 bog sample groups =18-9 + 1-80. 

Many species of Testacea use foreign materials in constructing their tests. In the 
fen areas, mineral particles were utilized (Difflugia spp., Pontigulasia bigibbosa, 
Lesquereusia modesta). Diatom frustules, though abundant in the majority of samples, 
were seldom used (Difflugia rubescens Penard). In contrast, diatoms were the main 
source of foreign materials in bog areas. 

B. Bog association —In bog areas the water content of the habitats varied con- 
siderably whereas the pH variation was relatively small (3-24-6). A number of species 
were more or less restricted to bog pools (pH 3-6—4-6) and formed a distinct association 
with Amphitrema stenostoma, A. wrightianum, Difflugia bacillifera, D. bacillariarum, 
D. brevicolla, Nebela carinata Archer and possibly Placocista spinosa (Carter). Other 
species commonly present were Amphitrema flavum Archer, Hyalosphenia papilio 
Leidy and Nebela tincta. ~~ 

The hummock fauna was distinct from that of the pools, but within the hammocks 
(pH 3-2-4-2) the faunas of the wet and dry sites graded into each other, although the 
extremes were of distinct composition. In wet Sphagnum, the commonest Testacea 
were Amphitrema flavum and Hyalosphena papilio, with Arcella catinus, Nebela 
tincta, N. militaris Penard, Assulina muscorum Greff, Heleopera rosea Penard and 
Euglypha strigosa Ehrenberg frequently present. 

This fauna occurred in the lower parts of Sphagnum hummocks in bogs, and in 
swards of S. recurvum in flushes on bogs, and also in fen areas where Sphagnum grows 
above the water level and is not directly affected by it. The last case was found at 


Taste I.—The distribution of fen species of Testacea. The sites are arranged approxi- 
mately in order of pH, up to 7:0 on the left and down to 3-2 on the right. For 
details see text. © = recorded in less than 50 per cent of the samples. @ = 
recorded in 51 per cent or more of the samples 
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TaBLE II.—The distribution of eurytope and bog species of Testacea. Sites and 
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Diplochlamys vestita Penard... . 
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A. arenaria Greef ............ 
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. elegans Penard ............ 
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Esthwaite and Nibthwaite, and particularly in Sunbiggin Springs where acid hum- 
mocks rise from spring-fed vegetation. 

In the driest parts of the acid hummocks, the Sphagnum, which is mainly S. rubel- 
lum, S. capillacewm and S. magellanicum, carries a fauna distinguished by large num- 
bers of certain species, rather than the presence of species restricted to this habitat. 
Large numbers of Nebvela tincta, Assulina muscorum, Arcella catinus, Heleopera sylvatica 
complex, Huglypha strigosa and Nebela militaris occur. Trigonopyxis arcula (Leidy) 
and to a lesser extent Bullinularia indica Penard, appear to be characteristic of dry 
hummocks though present only in small numbers. Amphitrema flavum and Hyalo- 
sphenia papilio are present in some hummocks, but only in small numbers, a large 
proportion of the tests being empty. 

Bog species with foreign matter in their tests, largely utilize diatom frustules with 
some peat particles. Mineral particles are rarely present in the detritus. 

C. Eurytope species.—Species recorded in both fen and bog habitats usually showed 
some preference > for one of these. Difflugia rubescens, Nebela dentistoma Penard, 
Oentropyxis cassis complex, Heleopera petricola var. amethystea Penard and Difflugia 
oblonga were commonest in fen areas. Oryptodifflugia oviformis, Arcella discoides 
complex, Centropyxis aculeata complex, Luglypha strigosa and Heleopera rosea appear 
to be truly eurytopic, although Z. strigosa occurs in larger numbers in bog hummocks. 

Nebela tinta, Assulina muscorum and Arcella catinus, although frequently present 


= fen areas, occur more regularly and in larger numbers in Sphagnum with pH less 
than 5-0. 


6. DiscussION 


In many continental surveys the terms Flachmoore, Zwischenmoore and Ueber- 
gangsmoore, and Hochmoore are regularly used. Exact comparisons with English 
terminology cannot be made, but in general Flachmoore is comparable to rich fen 
areas, Zwischenmoore and Uebergangsmoore are transitional stages in the development 
of raised bog and are probably equivalent to British lacustrine and valley bogs. 
Hochmoore is roughly equivalent to our raised bogs, but the former term is sometimes 
used in a slightly wider sense including less acid areas. Hoogenraad & Jirovec (1944) 
give a pH of 5-6 for a Hochmoore and in a number of works a Flachmoore influence 
or swamp flora is mentioned or indicated (Scheffelt, 1921 ; Haberli, 1918 ; Klieber, 
1911; Jung, 1936 b; Heinis, 1945 ; and Ertl, 1955). This makes comparison with 
the present survey difficult as sample details are also frequently omitted. 

In a number of surveys details of the sample sites are given and the testate fauna 
of the present survey compares closely with these (Steinecke, 1913 ; Gauger & Ziegen- 
speck, 1931; Jung, 1936 a, b ; Jung & Spatz, 1938 ; Thunmark, 1942 ; Messikom- 
mer, 1943; Paulson, 1952; and de Graaf, 1956, 1957). 

Harnisch (1925, 1929) lists Nebela carinata, Difflugia bacillifera, Amphatrema 
wrightianum, A. flavum, Hyalosphenia papilio, H. elegans Leidy, N. collaris, Assulina 
muscorum, A. seminulum (Ehrenberg) and N. militaris as characteristic Hochmoore 
species. The fauna of the bog areas in the present survey corresponds closely with this 
and the distribution of species in pools, wet and dry Sphagnum also corresponds with 
that recorded by Harnisch. The main discrepancy is the presence of Nebela collaris. 
However Harnisch states that it is used in the broadest sense. The taxonomy and. 
distribution of V. collaris is very confused (p. 373). 

There is a very close similarity between the testate faunas of bog areas in Europe 
and northern England. The similarity of faunas from areas with pH greater than 
5-0 is not so marked, probably because of the greater diversity of habitats and the 
larger number of species. 

Harnisch (1927) postulated the following rhizopod associations for central Euro- 
pean areas. These are given in detail for comparison with the present survey. 

Type 1. Waldmoos type.—A varied fauna of Difflugia spp., Centropyxis spp., 
Arcella spp., Nebela collaris (in the broadest sense), V. militaris, N. americana, Huglypha 
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spp., Assulina muscorum, A. seminulum, Corythion and Trinema spp. The typical 
Sphagnum-dwelling species, Hyalosphenia papilio, H. elegans, Amphitrema flavum and 
A. wrightianum are absent, This association occurs in the non-peat-forming Sphagneta 
of woods, lake edges, heaths and old Hochmoore. 

Type 2. Hyalosphenia type —This contains the species of type 1 plus 7 yalosphenia 
papilio and H. elegans, the former usually being dominant. This type occurs mainly 
in Zwischenmoore but also in young bogs and dead Hochmoore. ; 

Type 3. Amphitrema type.—This is typified by the presence of Amphitrema spp., 
and is found in Hochmoore. It is divided into two subtypes. 


3a. Flavum type, in which A. flavum only occurs. : 
3b. Wrightianum type, in which A. flavwm and A. wrightianwm are present. 


No difference in the distribution of the two subtypes is recorded. 

These associations have been criticized, particularly by Jung (1936 b) and recently 
by de Graaf (1956, 1957). 

In the present survey the faunas of fen and dry hummock sites may be classed as 
Waldmoos type, largely on the absence of Amphitrema and H. yalosphenia spp. The 
faunas, however, are quite distinct and no common ecological factors are apparent. 
Harnisch (1927) states that the Waldmoos association has a varied fauna. This is 
probably caused by the mixing of a number of distinct faunas. He mentions a number 
of genera which occur in a wide variety of habitats, while Nebela militaris, Assulina 
muscorum and A. seminulum, though widespread are mainly restricted to acid habitats. 
The Waldmoos type association therefore does not appear to be valid. 

Hyalosphenia type associations have been recorded from Europe (de Graaf, 1957) 
but in the present survey although Zwischenmoore conditions were widespread, they 
were restricted to a few areas. There was little indication of a transition fauna, a 
sharp division between fen and bog faunas occurred at about pH 5-0 (Tables 1 and II). 

The Amphitrema type association is widespread and distinct in Europe although 
A. flavum is not restricted to Hochmoore (Jung, 1936 b; de Graaf, 1957). The difference 
between the flavwm and wrightianum types is not apparent from Harnisch (1927), 
although the latter species is almost restricted to pools. In the present survey the 
wrightianum type occurred in bog pools and the flavum type in wet acid Sphagnum. 

If an area of fen vegetation contains acid Sphagnum hammocks as in Sunbiggin 
Springs, the fauna list will comprise both fen and bog Testacea. It must be remem- 
bered that the Testacea are characteristic of fen and bog conditions which may occur 
in very restricted sites. This also indicates the need for detailed site description. 

Most workers find a correlation between the distribution of Testacea and pH and 
water content of the habitat, but there has been no work to show that this relationship 
is causal. In some species, foreign material used in test construction may be a limiting 
factor (pp. 375, 379) and there are also indications that large species are restricted to 
habitats with a high water content, small species dominating the drier habitats 
(Deflandre, 1936, 1937 ; Decloitre, 1950). Variation in the test size of certain species, 
apparently related to water content of the habitat, was also recorded in the present 
survey and by Jung (1936 b). 

Associated with differences in test size and composition are taxonomic problems, 
ie. Stépanék (1952) suggests the grouping of a number of species of Difflugia and 
Lesquereusia on the grounds of intermediate forms. In the present survey these 
species were usually easily separable even when occurring together, but culture work 
is necessary to determine whether or not their separation as species is justified. 
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SUMMARY 


1. Eleven bog and fen areas (330 samples) in Northumberland, Westmorland and 
Lancashire were examined for testate Protozoa, providing a series of habitats with a 
pH range 3-2-7-0. 

2. In fen conditions, above pH about 5-0, a group of 25 species occurred regularly 
and almost exclusively. The commonest species were Quadrula symmetrica, Cyphoderva 
ampulla, CO. trochus var. amphoralis, Lesquereusia spiralis, Nebela collaris sensu stricto, 
N. lageniformis, N. penardiana, Euglypha rotunda, E. ciliata, Pontigulasia bigibbosa, 
N. tubulosa, N. galeata and Sphenoderia dentata. 

3. In bog areas (pH 3-246), Amphitrema stenostoma, A. wrightianum, Difflugia 
bacillifera, D. bacillariarum, D. brevicolla, Nebela carinata and possibly Placocista 
spinosa were characteristic of pools. 

4. In acid hummocks, wet areas were dominated by Amphitrema flavum and 
Hyalosphenia papilio, with Nebela tincta, Arcella catinus, N. militaris, Assulina musco- 
rum, Heleopera rosea and Euglypha strigosa frequently present. Drier areas were 
dominated by JN. tincta, Assulina muscorum, Arcella catinus, Heleopera sylvatica 
complex, Huglypha strigosa and N. militaris, with Trigonopyxis arcula and Bullinularva 
indica. 

5. A number of species occurred over a wide range of habitats, but usually showed 
some ‘ preference’ for either bog or fen conditions. 

6. Fen areas contained more species (Mean 30-1) than areas with pH less than 5-0 
(Mean 18-9). 

7. The distribution of Testacea in northern England is similar to that recorded 
in other parts of Europe, but the types of association proposed by Harnisch (1927) are 
of only limited application. 
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1. INTRODUCTION 


AN analysis of the burrowing and locomotory mechanisms of a number of chilognath 
diplopods has been given in Part 4, the Lysiopetaloidea in Part 6, a pselaphognath 
diplopod (Polyxenus) in Part 5, and limb structure and function were considered in 
Part 6. It was shown that many conspicuous characteristics of diplopod trunk mor- 
phology are correlated with habits. The evolution of :—an inflexible armour ; di- 
plosegments ; many pairs of legs, together with their structure and positions of 
origin ; a pushing collum or a dorsal surface expanded by keels; etc., is associated 
with the ability to push strongly, either by a bulldozer-like head on thrust or by one 
exerted largely by the ‘flat back’. The habits and behaviour of the major orders 
have been shown to be correlated with many diagnostic trunk characters, but the 
representation of the Colobognatha by living Polyzonium alone was inadequate. The 
Colobognatha are usually regarded as the most primitive extant order of diplopods, 
and it was desirable to study them more fully. Colobognatha are not well known, 
and least so in the living state. Attems (1951) states that we do not know what 
characters to attribute to the genus of which Siphonophora portoricensis Brandt is 
the type. This, and another species Siphonophora hartii (described by Pocock, 1895 
as Siphonorhinus hartit) have been studied here. Pocock (1894) recorded S. porto- 
ricensis from the West Indies, but it does not appear to have been recorded before 
from Trinidad. 

Attems (1951) made a systematic revision of the order Colobognatha, ranging 
the species into four superfamilies. No material has been obtained of the Symphy- 
zonia (Siphoniulidae, a single species from Sumatra) each segment of which possesses 
the tergite fused to pleurites and sternites, but two species from each of the other 
three superfamilies have been obtained alive. The Pedinozonia have free sternites 
and their head and jaw structure approaches that of typical diplopods more closely 
than do those of the other colobognathan superfamilies. The Pedinozonia are repre- 
sented here by Brachycybe leconter Wood, collected from Arkansas and sent to me 
by Dr N. B. Causey, and by Dolistenus savit Fanzango, collected, with the assistance 
of Mr J. G. Blower, from oak forest near Ficuzza, Sicily. Both are blind. The 
Orthozonia, with free sternites and free pleurites, with pro- and metazonites of much 
the same diameter, and with more modified head structure, are here represented by 
Polyzonium germanicum Brandt obtained from a spinney of beech near Wye, Kent 
and Siphonotus purpureus Pocock from Trinidad. Both possess a few ocelli. The 
Heterozonia, also with free sternites and free pleurites, but with pro- and metazonites 
of unlike diameter and extreme specialization of the head towards suctorial feeding, 
is represented here by the blind Siphonophora hartii (Pocock) and S. portoricensis 
Brandt, both from Trinidad, and collected for me, together with Siphonotus, by 
Dr A. J. Alexander. 

A determination of the habits and capabilities of these six Colobognatha has 
disclosed unexpected behaviour and in some species an elaboration of a wedge tech- 
nique in burrowing which had not hitherto been appreciated, and which appears to 
be just as specialized a mechanism as those used by some other orders. Dolistenus 
and Brachycybe can exert pushing forces which are, relative to segment size, larger 
than those recorded for any other diplopod. Siphonophora and Siphonotus display 
a striking flexibility of body, and all are capable of roosting upside down, hanging 
on to the ceilings of small spaces. An appreciation of the structural basis of these 
colobognathan achievements has necessitated a comparative examination of diplopod 
muscles and skeleton. The musculature, and certain skeletal features of the Colo- 
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bognatha are described here for the first time and a review is given of the muscles 
of other orders based upon a re-examination of their anatomy. The musculature of 
the middle segments of Sphaerotherium (Oniscomorpha) was described in Part 4 and 
that of Polyxenus in Part 5. 

Silvestri (1903) gave a commendable account of diplopod trunk musculature 
described on a functional basis, although no direct confirmatory evidence was sought 
from observations upon living animals. In the main Silvestri’s anatomical findings, 
as far as they go, are confirmed, although evidence presented here suggests functions 
for certain muscles which are different from those implied by Silvestri’s terminology, 
which in part is inconsistent. His descriptions in some cases need correction and 
amplification, and his account, for the present purpose, is inadequate and difficult. 

An analysis of the modifications of the musculature of the anterior trunk segments 
has been necessary for elucidating certain colobognathan achievements. A similar 
analysis has been made for Polydesmus, Polymicrodon, Cylindroiulus, Spirobolus and 
Polyxenus. The head musculature also has been reinvestigated, since it was not 
possible to limit the present considerations entirely to the trunk region. Silvestri 
(1903) bases his terminology of muscles of the head and first trunk segment on 
Plusioporus salvadorii Silvestri, an unfortunate choice since many features of this 
species are specialized and not present in other groups. The details of the structure 
and mode of operation of the mandibles and tentorium are not included below and 
will be presented elsewhere. 

The survey of the skeleto-muscular systems of the main orders of diplopods brings 
with it (2) an appreciation of the structural specializations of the Colobognatha, (i) 
further evidence concerning the composition of the anterior trunk segments of dip- 
lopods, upon which opinions have hitherto differed, (#7) a reassessment of the sup- 
posed primitive features of the Colobognatha, and (iv) deductions concerning the 
significance of free sternites and free pleurites in Diplopoda. 

A large amount of data are presented below because the same figures are needful 
for the many topics considered. The general scope of the work and the conclusions 
reached can be ascertained from sections 7, 9, 13, 18, 19 and 20. 


2. METHODS 


The methods described in Part 4 for recording the comparative pushing abilities and 
analysis of gaits have been employed here for the Colobognatha. Examination of 
trunk musculature has been accomplished partly from serial sections and dissections 
but mainly from cleared preparations of sagittal or frontal halves of animals. These 
are made by cutting away an appropriate number of sections in paraffin wax, return- 
ing the remainder of the specimen to alcohol and dissecting out the gut, nerve cord. 
and fat body, using a micromanipulator when necessary. The preparation, cleared in 
benzyl alcohol, is examined in any desired position in this fluid. A geological micro- 
scope and polaroids fitted to a dissecting binocular have been of great service. The 
visibility of muscles in such preparations is improved by prolonged storage in alcohol 
before embedding, and the initial fixation must be good. Finally, the preparations 
have been mounted in balsam. Months of work over ee examined in benzyl 
alcohol is deleterious to health and the vapour should be oved from the investi- 
gator by fans and good ventilation. Serial sections of calcium formol fixed material, 
embedded in ester wax and stained with Mallory’s triple stain, have been essential 
for elucidating certain points which could not be seen with sufficient clarity in the 
partial dissections, and for examining material freshly fixed which could not con- 
veniently be left in alcohol for a long preliminary period of storage. 


3. HaBpITats AND HABITS OF COLOBOGNATHA 


The general appearance and relative sizes and shapes of the six species considered 
here are shown by Pls. 1-3, the left half of Table I, and Part 4, Pl. 55, figs. 47-49. 
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Four of the species are brightly coloured. Polyzoniwm germanicum is orange, Bra- 
chycybe lecontei pink, Dolistenus savii lemon-yellow, Siphonotus purpureus brilliant 
purple, Siphonophora hartit orange-brown with a dark dorsal stripe, and Siphonophora 
portoricensis a dull greyish-brown. The first four of these species are very conspicuous 
against many of their natural backgrounds. ; 

The six species have been maintained alive in terraria from a few to many months. 
They do not appear to need animal food, as does Polymicrodon. Siphonophora por- 
toricensis has moulted and grown in captivity. S. hartw laid eggs and the young 
grew to 5 mm. length with 25 segments but died during a period. of low room tem- 
peratures. The Siphonophora species lived well in terraria containing no conspicuous 
fauna or growing plants. Presumably they use their highly specialized proboscis and 
suctorial fore-gut to take in the damp components of decaying wood and normal litter, 
into which they can be seen to probe, after tapping the substratum with the antennae 
(Pl. 2, fig. 42). oe 

The Colobognatha which have been examined appear to have greater ability for 
existence under dry conditions than have diplopods of other orders occurring in 
England. All Colobognatha possess coxal sacs which presumably serve to take up 
dew on occasion as do the coxal sacs of Lysiopetaloidea (Part 6). Brachycybe (Pl. 1, 
figs 38-40) withstands exposure to hot sun in Arkansas, where Dr N. B. Causey 
(personal letter) records finding colonies of up to 100 individuals on bark. Siphonotus 
readily dies in a moderately damp terrarium suitable for British Iuliformia ; 
Siphonotus has chosen to walk on dry rather than damp filter paper, the only diplopod 
which has done this during the present work, and it lives well on soil so dry as to be 
avoided by British Iuliformia. Polyzoniwm species also appear to be unusually resistant 
to desiccation. 

The rate of water loss of Siphonophora hartii, when placed in a desiccator for a 
period of 6 hours, was not significantly different from those of Cylindroiulus punctatus 
(Leach), Cylindroiulus parisiorwm (Brélemann & Verhoeff) and Blaniulus guttulatus 
Bose (the specimen of C. punctatus possessed almost the same segment volume as 
that of S. hartii). Within the desiccator the animals walked about continuously, and 
S. hartii did not cling tightly to the substratum as it does when resting, a position 
giving obstructed access to the spiracles. Such drastic desiccation experiments do 
not reflect the known difference in moisture tolerance of the British species. The 
tracheal pouches of Dolistenus and Brachycybe (text-figs 1 and 18) are large, but those 
of the Siphonophora species, Siphonotus and Polyzonium are minute (text-figs 6, 8 
and 12e and f), and when resting the flat ventral face of the last three species is held 
close to the substratum. The water relations of the Colobognatha deserve further 
study. A determination of the optimum relative humidities for the various species, 
on the lines adopted by Causey (1943) for Orthomorpha gracilis might be informative. 

The sites from which Colobognatha have been collected do not differ markedly 
from those inhabited by diplopods in this country, but Colobognatha live in places 
which may at times be hot and dry. Aggregations of Brachycybe lecontei occur in 
Arkansas ‘ from spring to autumn in mixed deciduous woods, on shaded stumps and 
logs or in loose leaf litter. They are usually found on the surface of bark, even during 
daylight hours, of our lt dry summers. A few isolated individuals can always be 
found in loose leaf litter within a few feet of the main aggregation. Brachycybe is 
normally rare in tight places. If it is found under bark, the cavity will be enlarged 
by the bark’s being raised. If it is under a log, there will be a cavity and the speci- 
mens will be on the dorsal surface, usually. I have looked for them in winter, digging 
carefully 4 or 5 inches into the humus around and under the log where they have 
been all summer without finding them. After the last frost of spring they reappear.’ 
(Dr N. B. Causey, personal letter.) 

Dolistenus savir (Pl. 1, figs 36 and 37) was found in spring at one level within 
the oak forest near Ficuzza, the last remaining indigenous forest in Sicily, which lies 
at some 2000 ft and slopes gently to the sheer rock face of the Busambra peaks. The 
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animals were found singly or a few together, loosely coiled in soil spaces as in Pia: 
fig. 37, but most frequently they were found clinging to the underside of rock slabs 
and large stones lying on the soil. In the latter position the long yellow body of 
Dolistenus much resembles the etiolated stems of grass and other plants growing 
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TExtT-Fig. 1 


Dolistenus savit Fanzango. Anterior view of a typical trunk segment with limbs to show the shape 
of the sternite and tracheal pouches, the pleuro-sternal and the limb muscles. 


under the edges of rocks. Deep and large earthworm burrows were abundant and 
doubtless assist millipedes and other animals in gaining deep shelter during dry periods. 
Dolistenus has been recorded from a depth of a metre, but such a find in rocky soils 
which are rich in natural crevices and worm burrows does not indicate an ability to 
burrow deeply through compact material. In terraria Dolistenus appeared adept at 
pushing its way under stones, but it could not penetrate compact soil, projecting leg 


length being much too great (text-fig. 1 and Pl. 1, fig. 36). Both Dolistenus and 
Brachycybe sham death on being disturbed. 
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Polyzonium in Britain occurs only over calcareous soils (Blower, 1958), and may 
be found in moss, woodland litter or among chalk boulders (see Part 4, p. 353). 
Polyzonium, like Dolistenus, remains on rock ceilings for long periods of time. In 
winter Polyzonium has been found deep in the soil on the walls of mouse burrows. 

Siphonotus and the two species of Siphonophora were collected from the soil 
surface as well as from the ceilings of spaces under stones and bark in Trinidad. On 
being disturbed Siphonotus rapidly enrolls, either the whole body or just the anterior 
third or half, and very soon it unrolls and walks away, rapidly for its size. When 
walking the pleurites along the posterior part of the body are held obliquely so that 
they are visible in side view, but when the animal enrolls all the pleurites and sternites 
are pulled up to an exact horizontal position so that the body is half-cylindrical in 
section (the shape which gives easiest dorso-ventral bending, see p. 397 and Part 4, 
p. 315). No pleurites are visible in the lateral view of an enrolled specimen, see Pl. 2, 
fig. 49. A concave ventral surface has not been found in any living colobognathan, 
and this feature, present in some preserved specimens (text-fig. 16c), is an artefact 
due to shrinkage. 

Siphonophora hartii is extremely lethargic when disturbed, so much so that it 
may appear to be dead for some time. The resting position is often outstretched with 
the head and anterior ten segments or so folded flat under the next few segments. 
Usually the animal rests in irregular, often compact, curves in a plane horizontal to 
the animal; a tight dorso-ventral spiral position is readily assumed, and so tight as 
to form two tiers (Pl. 2, figs 45-46, 48). At all times the sternites and pleurites to- 
gether are held to form a flat ventral surface, as seen clearly in the specimen starting 
to unroll in Pl. 2, fig. 46, the tergite limit lying just above the legs. The body is half- 
cylindrical in section. When resting flat on the ground the antennae are held round 
the proboscis as seen in PI. 3, fig. 55. 

Siphonophora portoricensis is less lethargic than S. hartii when first disturbed. 
In terraria it usually rests on ceilings and does so in irregular or tight coils horizontal 
to the animal. Pl. 2, fig. 47 shows S. harti in fairly acute horizontal flexures, but 
S. portoricensis can rest for long periods in a close coil on a ceiling. No other diplopod 
has been found with lateral flexibility which permits such horizontal coiling. A 
S. portoricensis resting dorsal side upwards in a fairly tight horizontal coil, moulted 
its cuticle in this position. The body was extracted from the cuticle through a ventral 
split along a few of the anterior segments, and the animal then rested horizontally 
coiled and exactly underneath its cast cuticle which was intact for the greater part 
of its length. The pleurites of this species are held a little obliquely so that they are 
visible in side view, but this absence of a completely flat ventral surface is compen- 
sated for by the shallowness of the tergal arch, so that the body is again roughly half- 
cylindrical in section (text-figs 9 and 11). 


4, WALKING AND PUSHING CAPABILITIES OF CoLOBOGNATHA 


The ability of Colobognatha to live upside down on ceilings is coupled with an ability 
to exert a strong grip by legs of a pair. Siphonotus has been observed to hang on toa 
ceiling by the legs of the posterior sixth of the body and to swing the anterior five- 
sixths about in various directions, often at an acute angle to the posterior end, in 
search of other footholds. Such effective grip has been recorded among diplopods 
only by Lysiopetaloidea and Polyxenus, both with ceiling living habits (see Parts 5 
and 6). 

Eeept for Dolistenus the limbs of the Colobognatha considered here are com- 
pletely covered by the tergites. The legs of Siphonotus and Polyzonium are relatively 
shorter than those of other diplopods so far considered (see Table I, column 4 and 
Part 4, Table I, p. 332). The long stout limbs of Brachycybe are made practicable for 
a burrowing habit by the presence of huge keels. 
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Limb movements of most species are slow. The minimal pace durations are long, 
of the order of one second or more for all but Siphonotus, where pace durations may be 
0-4 sec. or less, which is short for a diplopod. Walking is usually slow, Brachycybe, 
Polyzonium and Dolistenus achieving respectively only 1-3, 1-7 and 2-7 mm. per sec. 
(cf. other diplopods Part 4, p. 336) but Scphonotus 8-5 mm. long reaches 3-3 mm. per 
sec. A diplosegment of this minute diplopod has but one-third of the volume of that 
of Microchordeuma 8-15 mm. long, the smallest diplopod considered in Part 4, and 
the speed of Siphonotus is roughly similar, in respect of segment size, to the 14mm 
per sec. performed by Microchordewma, a relatively fleet nematophoran. Iuliformia 
walk much more slowly, the smallest example, a Blaniulus guttulatus with a segment 
about six times the size of that of Siphonotus, walking only little faster than does 
Siphonotus. 

Since the pushing force which a diplopod can exert in burrowing is in many ways 
similar to its pulling ability, the maximum pulling force which each colobognathan 
could exert when harnessed to a weighted sledge was recorded as in Part 4, p. 302. 
This force, divided by the body weight (4) (Table I, column 7), normally increases 
as the size of the animal decreases, and gives a measure of comparison between 
different species with unlike numbers of diplosegments, provided that the comparisons 
are made between animals possessing diplosegment volumes of about the same order 
of magnitude (see Part 4, p. 340). The pushing force utilized in burrowing by diplo- 
pods is generated usually by the legs, and the force is greater in the longer-legged 
species. Comparisons between the leg lengths of animals differing in body shape are 
given in Table I, column 4 here as in Part 4, p. 332. 

Polydesmus coriaceus and Cylindroiulus punctatus of almost similar diplosegment 


volumes (Table I, column 1) have very different leg lengths (column 4) and the = 


(column 7) for the longer-legged Polydesmus greatly exceeds that of the shorter-legged 
Cylindrowlus, the long strong legs of the former being responsible for the stronger 


pushing force which this animal can exert. The f for the very short-legged Polyzonium 


is of about the same order as that for the longer-legged Cylindroiulus with a slightly 
smaller diplosegment volume. Dolistenus and Brachycybe possess diplosegment 
volumes which are intermediate between those of Cylindroiulus and Blaniulus 


(column 1) and might have been expected to show values of L lying between 32 and 


41, but with a small increment due to longer legs. The actual figures of 111 for 
Dolistenus and 185 for Brachycybe are strikingly large. If the pushing forces of these 
animals were delivered in a bulldozer-like manner directly forwards from the head 
end, the large number of diplosegments of Dolistenus brings the force which might 
be exerted per mm?. of transverse sectional area to nearly 9 gm. and that of 
Brachycybe to about 6 gm. (Table I, column 9), both figures being substantially higher 
than those for all other diplopods where a maximum of 5 gm. is given for Polydesmus 
(Part 4, p. 332, column 9). 

Since length and thickness of leg in Dolistenus and Brachycybe is not as great as in 
many Nematophora and Polydesmoidea, it appears impossible for the intrinsic and 
extrinsic limb muscles of these Colobognatha to be responsible for the output of the 
great pulling forces. In the Iuliformia and Polydesmoidea, where the inter-diplo- 
segmental joints are incompressible, the trunk musculature maintains alignment of 
the segments but does not provide a direct propulsive force. In the Colobognatha, 
however, the skeleton, joints and muscles permit the use of trunk musculature for 
propulsive telescopic movements in a manner described below. 

Leg length in the Siphonophora species is much as in the Tuliformia, but the 
pushing forces which the former can exert are greater (Table I, columns 4 and 7 
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and Part 4, Table 1). The utilization of trunk musculature for the telescopic inter- 
segmental movements p. 394) presumably accounts for the difference. Polyzonium 
might have been expected to show a smaller f than that of the Cylindroiulus with a 
smaller diplosegment volume recorded in Table I. The actual slightly larger figure 
(column 7) is presumably again due to trunk muscles causing telescopic movements 
since the legs are very short. The smaller number of body segments results in a feebler 
total pushing force at the head end. Siphonotus was too small for the employment of 
the same methods for obtaining comparative pulling forces of other diplopods. It is 
possible that the small size of Siphonotus and its speedy movements of enrolment 
and running indicate that, as for Blaniulus, moving in between particles rather than 
pushing them aside may be its speciality. Siphonotus and Polyzonium lack the strength- 
ened posterior margins of the tergites which assist telescopic movements (p. 396). 


5. GAITS OF COLOBOGNATHA AND CERTAIN RESEMBLANCES TO 
GAITS OF ONYCHOPHORA AND GEOPHILOMORPHA 


The gaits shown by most Colobognatha are typically diplopodan (Part 4, p. 328) and 
call for little further comment. No attempt was made by Siphonotus or the blind 
Siphonophora to use fast gaits in a bright light (leg positions can only be seen clearly 
when the animal walks on glass, Table I, column 6 and Pls 2 and 3, figs 43, 44, 50, 52 
and 54). Brachycybe, with the longest legs, used a faster pattern of gait when walking 
freely than has been recorded for any other diplopod (Table I, column 6 and Part 4, 
Table 1, column 6). This may suggest that at times this animal has a need to cover 
considerable distances quickly. The slower stronger gaits used in pushing have not been 
recorded photographically because the claws of a loaded animal slip on a glass surface, 
but these gaits do not appear to differ appreciably from those employed by Polyzonium 
(Part 4, Pl. 55, fig. 49). 

In one respect the gaits of Siphonophora, the colobognathan exhibiting greatest 
lateral flexibility, differ from the gaits of all other diplopods. The legs of a pair do 
not always step in similar phase. The divergences are most marked when the animals 
execute the most sinuous courses, and such a method of walking is so common as to 
make photography of an animal walking in a straight line difficult. S. hartis in Pl. 3, 
fig. 54, is walking almost straight and the paired legs are mostly but not entirely in 
similar phase, but S. portoricensis in fig. 52 shows a large number of paired legs in 
phase relationships differing in anything up to half of the duration of a pace. The 
phase differences between successive legs on either side of the body fluctuates a little, 
and approximate longitudinal co-ordination is maintained regardless of the trans- 
verse relationship. Such a condition has been recorded for Peripatopsis in Part iY 
p. 547 and the Geophilomorpha in Part 3, pp. 180-131. In Polyxenus the phase 
relationship changes from a similar to an opposite one according to the gait (Part 5, 
p. 171). Among the comments which have been made on this type of variability 
(Holst, 1943 a, and Parts 1, 3 and 5) the normal frequency of direction turning when 
walking was not considered. The crowding between the legs on the concave side of 
a lateral bend and the lengthening of the stride on the convex side might easily initiate 
an alteration in the phase relationship between legs of a pair. When legs are short, 
as in Siphonophora, Peripatus and Geophilomorpha, no mechanical disadvantages 
result, as they would do in longer-legged diplopods or faster running chilopods using 
more extreme patterns of gait. Clearly the longitudinal co-ordination along either 
side of the body is mechanically the more important in the Siphonophora species, 
Geophilomorpha and Onychophora. It is possible that the normal frequent changes 
in direction of movement in these animals has led to a habitual flexibility in phase 
relationship of paired legs, which can be seen even when the animal is not changing 
direction as in Peripatopsis, Part 1, Pl. 14. Such variability may be primitive in that 
it has persisted for the suggested reasons. The Annelida usually do not show this 
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type of variability because body undulations play an integral part in their locomotory 
mechanisms, and for them both transverse and longitudinal co-ordinations are equally 
important. nay 

af the Nematophora and Oniscomorpha marked backward and forward sliding 
of sternites relative to tergites during stepping has been described in Part 4, p. 338. 
In Callipus a small stout facet lies on the underside of the tergite opposite the 
posterior sternite and eases this movement (text-fig. 21). Such sliding enhances the 
stride, and brings additional muscles to contribute towards the propulsive thrust. 
Sternite sliding of a less marked nature can be seen in Polyzonium, but little or none 
takes place in Siphonotus, or in the two species of Siphonophora (cf. Pls 2 and 3, figs 
50, 52 and 54 with Part 4, Pls 53-54, figs 17 and 28 and Part 6, PI. 9, figs 28 and 29). 
The small differences in the distances between successive telopodites in PI. 3, figs 52 
and 54 are due to the antero-posterior swing of the coxae about their sternal origins 
(text-fig. 8) and is not due to displacements of sternites. In Dolistenus and Brachycybe 
sternite sliding occurs as in Nematophora and Oniscomorpha and enhances the stride 
and gives strength to the body and limb movements. 


6. DIPLOPODAN BURROWING TECHNIQUES 


In order to convey an appreciation of the means whereby certain Colobognatha exert 
their very strong burrowing forces, a brief review is presented of the three main 
methods of burrowing practised by diplopods, the examination of species additional 
to those considered in Part 4 having made this possible. Conspicuous struetural 
features are correlated with each method of burrowing. One of the three methods 
is employed exclusively by many species, but certain animals employ methods which 
are intermediate between the three contrasted types, and the morphology of such 
animals combines features appertaining to more than one of the main methods of 
burrowing. As yet we have far too little exact information on the physical charac- 
teristics of both optimum environments and of the circumstances of greatest survival 
value for each species. 


a. Iuliform Type of Head-on Pushing 


The burrowing technique shown by typical Iuliformia (see Part 4, pp. 306, 325, 
340, 352, 359) probably represents the present-day perfection of the type of burrowing 
which led to the evolution of the diagnostic diplopodan trunk features. Head on 
pushing by the cap-like collum covering the intucked head enables the animals to 
penetrate soil and decaying wood, etc. The incompressibility of the inter-diplo- 
segmental joints enables the propulsive force exerted by the many legs to be trans- 
mitted forwards with the least loss of energy. The inter-diplosegmental musculature 
holds the alignment of one diplosegment on the next in whatever body curvature 
happens to be momentarily suitable. Usually there is little anterior tapering of the 
body and the head end produces a lumen large enough to take the trunk. The legs 
project hardly, if at all, beyond the flanks and are thereby protected (Part 4, Pl. 53, 
fig. 23). Some Iuliformia possess a more tapered anterior end of the body and the 
burrowing of these animals shares in some measure the features of the Polydesmus- 
type of burrowing described below. Other Iuliformia have longer legs projecting well 
beyond the flanks ; these species cannot burrow so well into compact material, some 
lead a more open fleeter existence or row themselves through light much-divided litter 
as does Plusioporus sulcatus (Part 4, Pl. 53, fig. 24). 

The iuliform type of burrowing is practised by members of other orders, either 
typically or exceptionally. The burrowing of the Oniscormorpha is similar in prin- 
ciple ; the body does not taper, the fused second and third tergites transmit the 
forward thrust (Part 4, Pl. 54, fig. 33) as does the collum of the luliformia, and the 
legs are completely covered by the flanks (for further details see Part 4). 
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A large polydesmoidean from Trinidad A phelidesmus divergens Chamberlin (PI. 1, 
fig. 41 and recorded by Loomis, 1934) spirals tightly and burrows in the iuliform 
manner, both in crumbly litter and to several centimetres depth in compact loam. It 
is a voracious feeder, travels far in the soil, and evacuates its faeces on the surface, 
returning again to the soil to feed. The body does not taper. The legs are shorter and 
project less far than do those of Polydesmus when walking (Part 4, Pl. 55, fig. 38) and 
the wider, shorter diplosegments give them protection (Table I, columns 3 and 4). 
Anteriorly the legs are well covered by the keels. The latter, shown in side view in 
text-fig. 2, do not lie at the dorsal level as in Polydesmus (Part 4, text-fig. 27). The 
collum in Aphelidesmus is large and laterally projected into a keel, which extends 
outside the whole mandible and down to the ventral level of the abdominal segments. 
The tips of the second and third keels project downwards almost as far, and from 
segment 5 backwards the keels lie about half-way between the dorsal and ventral 


TrExt-Fic. 2 


Lateral view of the head end of the polydesmoidean millipede Aphelidesmus divergens Cham- 
berlin to show the size and positions of the keels, see also Pl. 1, fig. 41. 


surfaces of the body. The long anterior keels are well emarginated, as in the Onis- 
comorpha (text-fig. 2 and Part 4, text-fig. 46), so permitting a spiral position. The 
keels of segments 1-3 give dorsal and lateral cover for the anterior legs as in the 
Oniscomorpha. This protective laterally placed keel (text-fig. 2, segment 5, and 
Blower, 1958, fig. 32) is seen in many non-British diplopods, and is probably asso- 
ciated with the type of soil inhabited by animals tending to burrow in the iuliform 
manner, but possessing legs which are too long to receive adequate protection from 
the flanks. Causey (1943) records the burrowing of Orthomorpha gracilis 3-8 cm. 
down in loose soil, and this animal possesses lateral keels along most of the body 
although the head end is more like Polydesmus in the more dorsally situated keels 
and the small collum. 


b. Polydesmus T'ype of Dorsal Surface Pushing 


A different technique is used by typical ‘flat-backed’ millipedes which are adept 
at widening crevices which tend to split open along one plane, such as under bark or 
in layered decaying leaves (see Part 4, pp. 312, 325, 326, 340, 353, 359). The tapering 
head end is thrust into a crevice and the long strong legs, flexed under keels projecting 
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at the dorsal level, deliver an upward thrust from the widened dorsal surface as the 
legs straighten a little. Unusually large and strong depressor prefemoris and depres- 
sor femoris muscles, housed in dilatations of the leg segments (dep.p. fe. and dep. fe. 
in Part 6, text-fig. 5h, p.502), straighten the flexed legs and raise the body 3 in addition 
the larger species such as Platyrrhacus sp. possess more distal muscles which serve the 
same purpose (Part 6, lev.po.fe. and lev.ti. in text-fig. 187, pp. 34 and 541) ; these two 
muscles are not found in other diplopods. During the upward thrust from the body 
the legs can be entirely covered by the keels, but during walking (Part 4, Pl. 55) the 
lateral projection of the legs is too great to allow such animals to negotiate compact 
soil in the iuliform manner, where more shelter for leg movements at all phases of 
the step seems needed. 

Polydesmoidean inter-diplosegmental joints are strong and incompressible, the 
rings of skeleton being entire, as in Iuliformia, and capable of transmitting a full 
forward thrust. The tapered shape of the anterior end of the body of Polydesmus, 
however, allows the employment of the wedge principle in enlarging the dorso-ventral 
clearance of a wide but shallow crevice by direct forward progression, the legs pro- 
jecting sideways from the body into the crevice. Burrowing may be accomplished 
by a combination of upthrust by the dorsal surface and a forward thrust of the wedge- 
shaped anterior end of the body, but the head capsule and small dorsal collum of 
Polydesmus are clearly more serviceable for transmission of an oblique or upward 
thrust than a directly forward one (see Part 4, text-fig. 2i, p. 307 and Pls 52, 53 and 
55, figs 9-16, 22 and 38-41). 

As noted above, certain Iuliformia show anteriorly tapered bodies and doubtless 
employ the wedge principle in burrowing to some extent, and some Polydesmoidea 
such as Aphelidesmus are not wedge-shaped. (see above), but the most far reaching 
exploitation of the wedge principle is found in the Colobognatha. 


ce. Nematophoran and Colobognathan Types of Wedge Pushing 


Some aspects of nematophoran burrowing were considered in Part 4, pp. 326, 
341, 343, 352 and 360, but this order and in particular the Colobognatha have ela- 
borated the method in a manner not appreciated in Part 4. Both these orders usually 
possess a tapered anterior end to the body, and many but not all possess keels, or 
lateral expansions, which overhang the legs (Pls 1 and 3, figs 36-40, 53-55 and Part 4, 
text-figs 49-7 and Pls 53-55, figs 18-21 and 47-49). Adequate cover for legs is essential 
for burrowing into compact soil (Part 4, p. 342). The intersegmental joints of Colo- 
bognatha and Nematophora are more compressible than are those of diplopods with 
a fused segmental skeleton, and each segment can telescope into the one in front to 
some extent. 

The wedge-shaped head end is used in burrowing much as in Polydesmus, but a 
segment whose legs are performing the recovery stroke is dragged forwards and 
slightly into the segment in front by trunk muscles. If the forward movement of a 
sternite or pleural part of the tergo-pleural arch is momentarily greater than that of 
the dorsal tergite, humping may result. A wave of humping travels forwards over 
the anterior segments of Polymicrodon, Polyzonium, Dolistenus and Brachycybe as 
they push, such as shown on various parts of the body in Part 4, pls 53 and 55, figs 
19, 2] and 49, the degree of humping increasing as the animal pushes more strongly. 
In Dolistenus the sternites slide backwards and forwards during walking as in 
Nematophora and Oniscomorpha (Part 4, p. 338), where this movement enhances the 
stride, but more extensive tergo-sternal musculature in Dolistenus assists in dragging 
a tergal arch forward towards the preceding sternite whose legs are gripping the sub- 
stratum during burrowing, the humping becoming almost a rocking movement. 
Little or no humping occurs in Siphonophora where the prozonite is of smaller diameter 
than the metazonite into which it is pulled (text-fig. 30), here such movements give 
a local shortening of up to 20 per cent (arrow on left side of text-fig. 13). 
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A crevice can be deepened by anterior segments of progressively larger diameter 
being dragged forwards in this manner. At the same time an upward or forward 
thrust can be transmitted from the legs of the rest of the body. Dolistenus and 
Brachycybe exhibit the strongest pushing by these means and possess the greatest 
anatomical specializations furthering these movements (pp. 398 and below). This bur- 
rowing by local shape changes is the closest approach to geophilomorph burrowing 
(Part 3 and Manton, 1961) that is possible to a diplopod. 

All Colobognatha considered here show anterior tapering of the body but it is 
less marked in Siphonotus than in the others. All are competent at pushing their way 
under pieces of decaying wood, etc. The anterior seven tergites of Dolistenus some- 
times become caked dorsally with soil from forcing their way under stones. The 
projection of the legs in this species (Pl. 1, figs 36 and 37) renders progress into 
compact soil impossible, and the great burrowing force of this animal is applied to 
pushing a way into spaces where there is little or no lateral pressure. The much 
longer keels of Brachycybe entirely cover the even longer legs (see Table I, column 4). 
The keels are fanned out anteriorly and posteriorly and neatly fit together, so giving 
even more effective cover to the anterior legs than do the large keels of A phelidesmus 
(text-fig. 2 and Pl. 1, fig. 41). The disappearance of Brachycybe during winter from the 
surface layers of soil must be due to the animal penetrating much deeper into the 
ground. The trunk of Brachycybe is extraordinarily flexible in spite of such large 
keels (Pl. 1, figs. 38-40), successive keels easily overlapping when the animal twists 
(fig. 40) and turns (fig. 38), shaped facets, almost like zygapophyses, helping this 
movement (text-fig. 5a). The great pushing force which Brachycybe can exert, com- 
bined with flexibility of body and good leg protection, fits the animal for effective 
burrowing when need arises, but an animal presenting such a large surface of resist- 
ance to the soil by the expanded keels is not likely to burrow much unless it needs 
to do so. The summer behaviour of this animal is readily understandable, since no 
diplopods appear to work harder than circumstances demand. 


7. COLOBOGNATHAN HABITS AND ACHIEVEMENTS WHICH APPEAR TO BE 
ASSOCIATED WITH THETR MorRPHOLOGICAL EVOLUTION 


The most outstanding achievements of the Colobognatha appear to be (7) resistance 
to dry conditions ; (2) the employment of telescopic wedge burrowing and ceiling 
living habits ; and (ii) the great flexibility of body. The culmination in exercising 
a large pushing force is reached by Dolistenus and Brachcybe, and the greatest flexi- 
bility, shown in the ability to form a tight dorso-ventral spiral and to roost upside 
down in a horizontal spiral on the underside of objects, by Siphonophora and particu- 
larly S. portoricensis. The full significance of the spiral reflex and spiral resting 
position is probably not known, but is clearly a position giving protection to feeding 
and sensory organs, legs and spiracles, and no spiralling upon a ceiling is possible 
unless it be a lateral one. 

The hirsute covering of Siphonophora may indicate a means of conserving water 
or perhaps of gaining protection from small predators in a less effective manner than 
does Polyxenus (Part 5). Such hairs can hardly be of assistance in burrowing but may 
indicate that ceiling activities, crevice living and spiralling in any plane are the 
more important habits. 


8. COLOBOGNATHAN SKELETON AND CORRELATION WITH Hasits 


The structural basis of achievements 7 and 17 mentioned above may now be con- 
sidered. The skeletal features associated with the suctorial feeding of Siphonophora 
by a proboscis are mentioned along with the muscular specializations of this animal 
on pp. 442 and 443. 
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a. Intersegmental Tergite Joints and Telescopic Movements 


Along the trunk of the Colobognatha the form of the tergites and of their over- 
lapping parts serve the needs of strength, mobility and telescoping of the segments 
during burrowing. 

The skeletons of typical polydesmoidean and iuliform diplosegments in sagittal 
sections are shown in text-figs 24 and 25. Anteriorly the prozonite tapers gently. 
At the posterior edge of the metazonite only a little stiff cuticle is reflected under- 
neath, and so the arthrodial membrane arises near to the free margin. 

Most Colobognatha contrast in the possession of :—marked anterior tapering of 
the prozonite (Dolistenus, text-fig. 17) or the whole prozonite being smaller in dia- 
meter than the metazonite (Siphonophora, text-figs 10 and 30); an extensive fold 
of thick sclerotized cuticle reflected under the posterior margin of the metazonite ; 
and a thickened or indented junction of pro- and metazonites (the latter feature is 


POLYZONIUM post >- ant. 


TEext-ria. 3 


Longitudinal section through a typical inter-tergite joint of Polyzonium germanicum Brandt, stiff 
cuticle ruled, arthrodial membrane with interrupted lines. 


present to some extent in other orders, see Part 4, text-fig. 2h). These cuticular 
features facilitate the telescoping of one segment into the next and the rocking of 
the prozonite against the strong intucked cuticle in front. They provide rigidity to 
the tergal arch which is incomplete ventrally, and a strong basis for the dorso-para- 
tergalis and involvens inferior muscles and additional mid-tergite muscles in 
Dolistenus. Diplopods which either do not perform telescopic movements or which 
use them to a minor degree show neither the marked tapering not the strong posterior 
intucking (text-figs 24-26). A consideration of the collum (see below) also supports 
these conclusions. 

The tergal arches of Polyzoniwm are tapered anteriorly and possess a strengthened 
waist, as in other Colobognatha, but lack an extensive posterior sclerotized infolding. 
They possess instead a fold of thick arthrodial membrane close to the margin (text- 
fig. 3) which presumably is sufficiently strong for an animal with such small legs 
and no exceptionally large pushing power. In Siphonotus the prophragma is turned 
outwards and backwards before uniting by arthrodial membrane with the preceding 
ee ae a): ie oats to be another manner of obtaining strength at the 
Joint when the prophragma does not form the usual c i i 
ate eae ae a a onspicuous internal flange as 

_ In Iuliformia the nodding movement of the head is accompanied by considerable 
displacements between the head capsule and the overlapping anterior margin of the 
colum. During burrowing, when the head is tucked down and shielded by the collum, 
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the latter transmits the forward thrust to the substratum. The collum at best is half 
cylindrical in section (Part 4, p. 324) and laterally emarginated (text-figs 25b and 33a) 
so permitting close spiralling ; it is often reduced to a dorsal cap when it does not 
transmit a full forward thrust (Polydesmus, Polymicrodon and Glomeris, Part 4, Pls 
53-55). The inherent weakness of such scutes is mitigated by a large anterior in- 
tucked plate of stiff cuticle (text-figs 24, 25a, 32c and 336) which braces the collum 
against bending. In very large Spiroboloidea the posterior edge of this plate is further 
strengthened by a girder-like rib. The presence of this intucked plate is clearly 
associated with transmitting the pushing force and allowing mobility between head 
and first segment. 

The collum of Dolistenus possesses a similar anterior infolding although the 
anterior collum margin fits into a groove on the back of the cranium (text-fig. 28a). 
There can be little doubt that the presence of the strong infolding in the Colobognatha 
is correlated with strong forward pushing and strong but limited movements between 
the head and collum, and that the absence of such an infolding of the nematophoran 
collum (text-fig. 26) is associated with a habit of pushing from the dorsal surface 
and not from the head.? 


b. Tergite Apodemes and Spiralling 


In both species of Siphonophora, but in more exaggerated form in S. portoricensis, 
the ventro-lateral corner of the prophragma forms an upward and anteriorly directed 
apodeme (text-figs 4, 9, 11 and 13). This is comparable in every way with Silvestri’s 
apophysis squamosi lateralis of the Oniscomorpha, an order in which lateral bending 
is almost impossible (see Part 4, text-figs 4d and 8e). The apodeme in Siphonophora 
carries insertions of involvens superus to the tergite in front and part of flexor inferus 
longus from the pleurite behind. Both these muscles are concerned with dorso-ventral 
flexure (text-figs 9, 10, 13 and pp. 408, 415, 424). The presence of this apodeme in some 
Colobognatha, as in the Oniscomorpha, is associated with the half-cylindrical body 
shape and the need to keep the axis of the nodding movement as low as possible (see 
below and Part 4, p. 368). These apodemes in Siphonophora do not appear to be of 
importance for lateral bending. 


c. Free Pleurites and Spiralling 


Tergo-pleural hinge joints occur in Polyzoniwm, Siphonotus and. Siphonophora 
among the Colobognatha examined here, and in the Oniscomorpha among other 
orders. The principal usefulness of this feature appears to lie in the assistance it 
renders towards easy spiralling and leg protection. The approximation of the body 
shape to a dorsal half-cylinder, so perfectly achieved in the Oniscomorpha and in 
Siphonophora, makes little change in ventral length needful during acute dorso- 
ventral bending, so eliminating problems which have faced cylindrical animals per- 
forming this movement (Part 4, pp. 311, 315 and 324). The great width of the body 
relative to its bulk enables the legs to be tolerably long yet completely covered by 
the flanks (Table I, column 4), 

Each pleurite is set at a sharp angle to the tergite (text-figs 9, 11 and 16 and Part 4, 
text-fig. 4g and Pl. 55, figs 47-49). The pleurosternal surface of S. hartit is always 
flat but obliquely set pleurites are just visible in side view in S. portoricensis, where 
the tergal arch is flatter than a half-cylinder (text-fig. 11). Pleurites are visible pos- 
teriorly in a walking Siphonotus and. conspicuously along most of the body on Poly- 
zonium. Any slight raising of the mesial edge of the pleurites which flattens the ventral 
surface a little, will make spiralling the easier. 

2'The Chordeumoidea push predominantly from the dorsal surface as in the Polydesmoidea, 


and the Lysiopetaloidea, contrary to the suggestion made in Part 4, p. 326, do not readily push 
with the head end, for details see Part 6, p 490. 
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d. Sternite Positions and Facilitation of Antero-posterior Sternite Sliding 


All Colobognatha examined here possess free median sternites, as do the Nemato- 
phora, while paired free sternites characterize the Oniscomorpha. The position of 
these sternites relative to the tergal arches has called for no previous comment, al- 
though it is a matter of some functional significance to certain diplopods, and the 
cause of confusion in the recognition of segmental boundaries (see p. 448). Sternites, 
when fused to their tergo-pleural arches, project anteriorly a little beyond their 
tergites in the Polydesmoidea and more conspicuously in the Juliformia. The pro- 
jection serves to carry the flexor sternalis muscles clear of the ventral parts of the 
prophragma skeleton (Part 4, text-figs 2c and h and 3a). The larger forward extension 
of the sternal skeleton in Iuliformia compared with Polydesmus may be correlated 
with the greater spiralling ability of the former. Nematophora often show a forward 
position of the sternites, the anterior one being almost intersegmental in position in 
Polymicrodon (text-figs 22 and 26). The sternites in the Oniscomorpha are also 
forward in position, but internally the transversely situated tracheal pouch apodemes 
of the anterior sternites do not lie in front of the corresponding tergites (Part 4, text- 
figs 4c and 8e). 

In Siphonotus, Siphonophora and Polyzoniwm there is only a little forward dis- 
placement of the sternites (text-fig. 7, segment 6, text figs 13 and 14), but in Doli- 
stenus and Brachycybe it is very marked, each anterior sternite reaching to the middle 
of the preceding segment in a contracted specimen (text-figs 17 and 18) and the pos- 
terior sternite lying below the prozonite. Text-fig. 5a shows the cuticle of Brachycybe 
devoid of muscles, the anterior sternites lie in an intersegmental position (the number- 
ing on the left indicates the segments to which the sternites belong, see p. 448). 

This forward position of the sternites in Polymicrodon, Dolistenus and Brachcybe 
is associated with sternal sliding movements, and in these two Colobognatha con- 
siderable horizontal length is thereby given to pleuro-sternal muscles A and C and 
obliquus anticus and medius which contribute to the very strong sternite movements 
of these animals (pp. 424 and 425). 


e. Sternite Structure and Facilitation of Spiralling and Lateral Bending 


All free sternites can be raised by dorso-ventral and deep oblique muscles, so 
assisting the flattening of the ventral surface on spiralling (p. 419). The structure of 
colobognathan sternites differs in the various species more than has previously been 
supposed. Verhoeff and others have taken the sternite structure of one species to be 
typical of the whole order. Three types of sternite are present among the species 
examined here and these differ from that described by Verhoeff (1928). Further 
work is required to establish the range of form and function within colobognathan 
sternites. 

a. Sternites of Siphonophora form complete sockets round the head of each coxa, 
as seen in the fixed sternites of Polydesmus (Part 6, text-fig. 7e). The post-coxal part 
of the sternite is sclerotized, rigid and extensive ; the anterior margin of the sternite, 
as in all Colobognatha, is thickened, it lacks a median lobe and the sternites overlap 
from behind forwards while the pleurites do so in the reverse direction (text-figs 4 
and 13). Tracheal pouches do not form apodemes for extrinsic coxal and trunk 
muscles, separate ‘ sternite apodemes ’ being present (see below). The sternites and 
pleurites are united by thick short arthrodial membranes which allow no sliding of 
sternites relative to tergites. 

6. Sternites of Dolistenus and Brachycybe are short, wide and do not overlap. 
There is no stiff post-coxal cuticle. The sternites form an anterior half-socket for each 
coxa, as in the fixed sternites of Iuliformia (text-figs 5a, 17 and 18 and Part 6, text- 
fig. 7a and d). Sternites unite closely with either side of each coxa, so forming an 
articulation giving a transverse and horizontal axis of movement (marked on text- 
figs 5a and 18), as in type a. Tracheal pouches resemble those of the Eugnatha, and 
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carry the extrinsic coxal and trunk muscles (text-figs 1 and 18 and see below). The 
strengthened anterior margin of each sternite is prolonged into a median lobe pro- 
jecting forwards, fitting between the preceding pair of coxae when the legs pack close 
together on enrolment. Ample arthrodial membrane unites successive sternites and 
pleurites and allows the pedigerous lamina to expand on walking and. contract on 
enrolment, and the sternite sliding movements during stepping. 

c. Sternites of Siphonotus and Polyzonium are short and wide, as in Dolistenus 
and Brachycybe. They form anterior half-sockets for the coxae and do not overlap. 
The thick anterior border of the sternite carries no median lobe. Arthrodial membrane, 
shorter than in type b, allows the less extensive ventral intake on spiralling and ex- 
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Ventral view of typical trunk segments of Siphonophora hartii (Pocock), drawn as transparent 
objects with the legs removed. The arrows b-f show the plane of the sections drawn in 
text-fig. 12b-f. See also text-figs 9 and 10. 


pansion on walking. Tracheal pouches do not form apodemes and separate ‘ sternite 
apodemes ’ carry coxal and trunk muscles as in Siphonophora (tex-figs 6, 7, 14 and 
15 and see below). 

Successive sternites in Nematophora overlap from before backwards, as do most 
diplopodan tergites and pleurites, and it was shown in Part 4, pp. 315 and 368 that 
the opposite direction of overlap of oniscomorphan sternites, from behind forwards, 
serves to fix the axis of the nodding movement low down between one segment and 
the next when the body shape is reduced to a half cylinder. The similar overlap of 
the sternites in Siphonophora serves the same purpose, and in this animal the ventral 
surface is kept extremely flat. Little change in length of the pedigerous lamina is 
necessary on spiralling and therefore short arthrodial membranes are sufficient. 
This stability may assist the unusually good lateral flexibility. The sternites are 
emarginated laterally, the retractor ventralis externus is attached directly to their 
margins (text-fig. 13) and, with retractor paratergalis between the pleurite margins, 
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TEXT-FIG. 5 


Brachycybe lecontei Wood. (a) Ventral view of the cuticle to show the relationship between 
sternites and tergo-pleural arches and the shape of the sternites. Right legs are removed 
and arthrodial membrane is shown in black. The ringed numbers show the corresponding 
sternites and tergo-pleural arches and the plain numbers mark the series of legs. 

(6) Lateral view of head and first sternite, antenna cut off. 
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provides a strong ventral lamina capable of much lateral flexure, the lateral parts of 
the sternites overlapping further on the concave side and opening out on the convex 
side of a bend. The shape and musculature of the sternites of this type are suited to 
give acute dorso-ventral and lateral bending, and their form cannot be regarded as 
primitive. 

The short sternites in type 6 (Dolistenus and Brachycybe), united by ample arthro- 
dial membranes, suit a pedigerous lamina which needs to contract during the nodding 
movement and expand on walking, the body being almost cylindrical. Such sternites 
do not provide very good lateral flexibility or tight spiralling, such as is seen in 
Siphonophora. The large forwardly directed lobe shows a convergent resemblance to 
the backwardly directed median lobe of the nematophoran Polymicrodon. In Dolistenus 
the lobe must prevent excessive approximation of sternites during the very strong 
movements which take place between sternites and tergites of successive segments, 
there being no protective rigid posterior half to the coxal sockets. 

The short sternites of type c (Polyzoniwm and Siphonotus), are separated by shorter 
arthredial membranes than in type 6 (text-figs 7 and 14). The closer approximation 
to a half-cylindrical body shape necessitating less length changes in the pedigerous 
lamina, good spiralling being possible with a minimum of ventral intake. There are 
no particular facilitations of lateral bending and the insertions of the ventral longi- 
tudinal muscles are unsuited to assist such movements (see below). 

All Colobognatha examined here possess a median ventral dilatation of the 
sternite which carries the coxal articulations. This does not assist in providing the 
necessary initial upward part of the S-shaped bend of the legs, as in Polydesmus 
(Part 6, text-figs 4 and 5 and pp. 496, 501). The coxae extend directly downwards, 
thereby giving greatest length to legs which usually do not project beyond the pro- 
tection of the keels or flanks. The dilatation is slight in Brachycybe and Dolistenus, 
but large in the species possessing free pleurites. In Siphonophora the dilatation is 
conspicuous and possesses clear anterior and posterior walls (text-figs 10 and 12), 
but in Siphonotus and Polyzonium, where sclerotized cuticle provides only an anterior 
half-socket for the coxae, the posterior wall of the dilatation is represented by arthro- 
dial membrane (text-figs 7, 14, 17 and 18). The dilatations, although they may be 
as large as shown in text-fig. 10, are not easy to appreciate in surface views of whole 
mounts, and their configurations are best observed from serial sections. Almost 
sagittal sections passing median to the coxae are shown for Siphonotus, Siphonophora 
and. Polyzonium in text-figs 7 (segments 2-4), 12b and 15, parasagittal sections passing 
through the coxae are seen in 7 (segments 5-6), 10, 12¢ and d and 14, while para- 
sagittal sections through the sternite lateral to the leg base are shown in 12e and f 
and at the lateral limit of the sternal overlap in 30b. The dilatations in these three 
species house the extrinsic leg muscles, a condition found in no other diplopod 
recorded here (see below). 


f. Tracheal Pouch Apodemes and Sternite Apodemes 


The tracheal pouch apodemes of Dolistenus and Brachycybe (text-figs 1 and 18) 
are biramous, as in Oniscomorpha and Nematophora (Part 4, text-fig. 4d and 8e and 
Part 6, text-fig. 21). In Iuliformia and Polydesmoidea the pouch is uniramous (Part 
4, text-figs 3c and e and Part 6, text-fig. 4a). The pouch in Dolistenus forms a thick- 
walled strong apodeme carrying the extrinsic coxal, the retractor ventralis and deep 
dorso-ventral and oblique muscles (text-figs 17 and 18). Tracheae arise from the inner 
ends of the pouch as in Eugnatha. 

In Siphonophora small uniramous fairly thick-walled tracheal pouches (text-fig. 
12e) carry only a few strands of extrinsic coxal muscles. The internal tip of each pouch 
(text-fig. 12d) terminates within an independent structure the ‘ sternite apodeme 
(described below), which carries the bulk of the extrinsic coxal and retractor ventralis 
internus muscles. On the lateral face of the tracheal pouch a small diverticulum 
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lined by thin cuticle, the ‘ tracheal sac’ gives origin to numerous tracheae (text-fig. 
12f). ay, 

Me Siphonotus the spiracles open directly into uniramous tracheal sacs lined by 
thin cuticle. Each sac lies against the anterior part of the sternite and gives rise to 
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TEXT-FIG. 6 
Stphonotus purpureus Pocock. Longitudinal sections through the sternites, only the cuticle and 
muscles being drawn. 
(a) Shows the origin of the sternite apodeme from the mid-ventral sternal cuticle of 


sternite 7 and the separated sternite apodeme of sternite 6 where the plane of the section 
is a trifle more lateral, 


(6) Passes through the sternite lateral to the legs and cutting through the spiracle, the 
tracheal sac and the continuation of the sternite apodeme. 


tracheae as shown in text-fig. 6b. No muscles insert upon these delicate sacs which 
are quite separate from the ‘ sternite apodemes ’. Polyzonium possesses a similar but 
biramous tracheal sac or pouch (text-fig. 8b). 

Paired ‘sternite apodemes’, which cross the sternal dilatations but do not pro- 
ject upwards into the body, are present in similar form in Siphonophora, Stuphonotus 
and Polyzoniwm (text-figs 6-8 and 12). Each pair of sternite apodemes arises from 
the median thickened anterior part of the sternite (text-fig. 6a, sternite 7 ; text-fig 
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7, sternites 3-5 and text-fig. 15). From this point an apodeme passes out horizontally 
on either side, spanning the sternal dilatation (text-figs 6a and 5, sternites 4 and 6, 
text-fig. 7 sternites 6-9 and text-fig. 14). The apodeme in Siphonotus forms a thin 
rod across the middle of each sternite and in Polyzoniwm passes obliquely backwards 
towards the postero-lateral corner of the sternite ending within the arthrodial mem- 
brane where the latter receives the tonofibrils of the deep dorso-ventral and oblique 
muscles (text-figs 14 and 16b). In Siphonophora the apodeme is thin but wide. Text- 
fig. 126 shows its median origin from the sternite, text-fig. 12c, a little more lateral 
in level, indicates the separation of the apodeme from its anterior origin and its close 
approximation to the post-coxal part of the sternite. The apodeme forms a dome 
over the coxal cavity and sternal dilatation, shown also in anterior view in text-fig. 
8a and 6 where the cavity of the dilatation is indicated in black. More laterally the 
BP os ee tracheal pouch ends within the apodeme in Siphonophora, as shown in text- 

g. ' 

__ These large apodemes have not previously been figured in any detail owing to the 
difficulty of their appreciation without serial sections because they lie at the level 
of the thick anterior rim of the sternite. Text-fig. 8b, prepared from a whole mount, 
does not demonstrate the independence or the position of the apodeme, so clearly 
seen in text-figs 14 and 15, and only sections show that the retractor from the coxal 
sac arises from the apodeme and not from the tracheal sac (text-figs 12d and 15). 

In the majority of eugnath diplopods the tracheal pouch apodemes of sternites 2 
and 3 lack open spiracles and are purely skeletal, being prolonged into the body and 
clothed with muscles (text-figs 25, 26 and 336) ; a similar condition exists in Brachy- 
cybe and probably also in Dolistenus. A non-respiratory pair of similar tracheal pouch 
apodemes is borne by sternite 2 in Siphonophora (text-fig. 30b) although the tracheal 
pouches elsewhere do not form apodemes. In Polyzoniwm and Siphonotus neither 
tracheal pouches nor sternite apodemes form long projecting rods from either sternites 
2 and 3. In both these animals sternite apodemes are typical on sternite 3 and the 
apodeme from sternite 2 is formed by a thickened posterior sternite margin (text-fig. 
7). In Siphonophora a normal respiratory pair of tracheal pouches with tracheae is 
present on sternite 3 (a spiracle on sternite 4 is cut at the level of the section in text- 
fig. 30b and that in sternite 3 is similar but small). In Polyzonium and Siphonotus a 
pair of tracheal pouches with only a few tracheae is present on sternite 3, but whether 
there is an open spiracle could not be determined. The minute spiracular openings 
of all more posterior tracheal pouches are clearly visible in sections. 

Such a completely undifferentiated series of structures as the sternite apodemes 
of Siphonotus and Polyzonium has not been recorded for any other diplopod. These 
animals and Siphonophora are presumably more primitive than most diplopods in 
the long series of respiratory tracheal pouches from sternite 3 and. backwards. 

Whether there is any functional significance in the presence of sternite apodemes 
as opposed to tracheal pouch apodemes in diplopods is difficult to assess. Sternite 
apodemes are present in species in which the body is flattened towards a half-cylinder, 
pleurites are free, sternal dilatations are well developed, and the extrinsic coxal 
muscles do not project into the body cavity as they usually do when borne on tracheal 
pouch apodemes (Part 6, text-figs 4 and 5). Even the nerve cord is flattened. (text- 
fig. 16c). A lack of internal projection of tracheal pouch apodemes may be of assistance 
in curtailing the body to the half-cylindrical shape. Sternite apodemes and tracheal 
pouch apodemes might be regarded as alternative methods of meeting a somewhat 
similar need. 

But the presence of a completely undifferentiated and independent series of 
tracheal sacs and sternite apodemes in Siphonotus, and the presence in Siphonophora 
of only one pair of non-respiratory tracheal pouch apodemes, combined with the 
union between tracheal pouches and sternite apodemes from sternite 3 and posteriorly 
is perhaps suggestive of the persistence of stages in the ancestral mode of evolution 
of the diplopodan tracheal pouch apodemes. 
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Three types of sternite have been described above in species of Colobognatha 
Verhoeff (1926) noted that the extrinsic coxal enemies the uolobaaiathan 
Corcyrozonium typhlum Daday are not inserted upon tracheal pouch apodemes. He 
found in der Mitte des Sternit einen Knoten oder einen gabeligen Fortsatz oder 
Wiilste, welche fiir den Ansatz kraftiger Beinmuskeln bestimmt sind > and he assumed 
this condition to be general in Colobognatha. The * gabeligen Fortsatz ’ of Corcyro- 
zonium corresponds with the sternite apodemes described above for Siphonotus, 
Siphonophora and Polyzonium, but these genera do not have a median lobe or ‘ Wiilste’ 
on the sternite. On the other hand Dolistenus and Brachycybe which possess a median 
lobe, presumably representing that described by Verhoeff for Corcyrozonium, lack 
the sternite apodeme. Verhoeff (1926, Pl. 9, fig. 101) gives few details, but if Corcyro- 
zonium really possesses both median lobe and sternite apodeme it shows a fourth 
type of sternite in addition to the three described here. Sternite structure in relation 
to the musculature is further considered on p. 455. 


9. A FUNCTIONAL AND COMPARATIVE SURVEY OF 
DreLopop TRuNK MuUscULATURE 


The functions of many muscles are indicated by their positions and attachments, 
but the functions of others are not obvious. Paired oblique muscles, for example, 
might contract bilaterally or unilaterally, they might serve to hold successive rings 
firmly together, to cause or assist or to hinder lateral flexure of the body, or they 
might cause twisting of one ring upon the next, depending upon the exact usage both 
of muscles of a pair and of other muscles of the diplosegment. Observations on the 
actual movements performed, together with an analysis of the musculature, suggests 
the probable role of many muscles, and differences in performance together with 
differences in positions of muscles in the several orders are informative. It should 
be borne in mind that increase in transverse sectional area of a muscle leads to 
increase in the force which the muscle can exert, and increase in length of a muscle gives 
an increase in the displacement following the same degree of muscular contraction. 

The basic plan of diplopod muscles is surprisingly uniform, homologous com- 
ponents usually being recognizable in every order, and very few muscles have been 
found to be unique to certain orders. It was noted in Part 4, p. 328 how size alone 
leads to increase of complexity as well as to increase in bulk of muscles, the larger 
species acquiring extra muscles. Subdivision of muscles of increasing bulk is an easy 
morphogenetic change. It also appears that a single muscle sheet in one animal may 
subdivide differently in the various orders, and this has led to certain confusion in the 
naming of the muscles. Some muscles appear to have shifted their origin or insertion 
or both in association with needs. Muscles sometimes insert on to arthrodial mem- 
brane near the scutes and not directly on to the scutes. 

The musculature of typical diplosegments of Polydesmus, Cylindroiulus, Portophilus, 
Spirobolus Polymicrodon, Callipus and. Polyxenus are shown in sagittal view. after the 


eile EEE nl 


Text-Fic. 7 


Internal view of sagittal half of the head end of Siphonotus purpureus Pocock, the plane of the 
cut is submedian on segments 2-4, the legs here being grazed, and more lateral on segments 
5-6 where the coxae are cut and the sternite apodemes are separate from the sternite cuticle. 
The slight obliqueness of the cut shows the progressive separation of the rod-like sternite 
apodeme (segment 6) from its median sternal origin (segments 3-4). Some superficial 
oblique and retractor paratergalis muscles are omitted. The conventions marking the series 
of deep dorso-ventral and oblique muscles correspond with those used on text-figs 27, 31 
and 35 but an additional marking is placed upon the series of levator apophysis posticae 
muscles. The homologues of sternite 1 muscles 6 and d arise from the cranial arthrodial 
membrane and not from sternite 1. Sternite 2 apodeme is formed by the posterior edge 


of the sternite and not by the anterior edge as on other sternites. A very short sector of 
retractor ventralis unites sternite 2 apodeme with sternite 1. 
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gut and fat body has been removed from one-half of the animal (text-figs 19-22, 24- 
25 and 34), for comparison with similar preparations of Colobognatha in text-figs 7, 
10, 14 and 17). The disadvantages of foreshortening are greatest in those animals tend- 
ing to be half-cylindrical in shape (Siphonophora and Polyzoniwm) and are mitigated 
to some extent by text-figs 4, 9, 11, 13, 16 and 18 depicting other aspects of the same 
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Anterior views of sternites and legs of (a) Siphonophora hartii and (b) Polyzonium germanicum, 
the cavities of the sternal dilatation and leg segments being shown in black. 


musculature of Colobognatha. Full diagnoses of muscles will not be given apart from 
a description of the basic plan, the legends and the comparisons, since the above- 
mentioned figures illustrate sufficiently the positions and sizes of the muscles. Where 
differences in anatomical details exist between the present account and that of 
Silvestri (1903) the evidence of the figures here provided is deemed sufficient to sub- 
stantiate the revisions. As in Parts 4—6 Silvestri’s (1903) terminology is adopted as 
far as is practicable. 
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It is necessary to use accurate reconstructions of the musculature (see above- 
mentioned. text-figs) for functional considerations, but some comparative details are 
more easily appreciated on the same page from the comparative diagrams in text- 
fig. 35 p.460 where the muscles of each animal are divided arbitrarily into four groups. 
Groups I-III are present in all diplopods, but group IV, the pleuro-sternal muscles, 
occurs only in the presence of free sternites. 


a. Basic Plan of the Intersegmental Musculature 


It is useful to outline the basic plan of trunk muscles before the comparative 
details, and the Polydesmoidea may be conveniently taken as an example. The trunk 
skeleton of this order is very rigid and allows less inter-diplosegmental movement 
than in most orders, and a spiral position can only be achieved at the anterior end 
and loosely in Polydesmus (see Part 4, Pl. 55, fig. 42). Consequently the musculature 
is minimal bothin bulk and in complexity, see segment 6 on text-fig. 24, p. 430, and the 
left-hand series of diagrams on text-fig. 35. All muscles are paired. 

Superficial oblique muscles extend between one diplosegment and the next. They 
arise from the prophragma and passing forwards, insert on the inner face of the pre- 
ceding tergal arch. They comprise :—flexor internus dorsalis arising nearest to the 
middle line ; flexor externus dorsalis arising lateral to the former ; involvens swperus 
arising from the prophragma laterally, passing forwards, upwards and into the keel, 
posterior to the reservoir of the stink gland ; involvens medius arising just below the 
former and passing obliquely forwards, ventral to the stink gland reservoir, inserting 
on to the ridge at the junction of pro- and metazonite ; flexor sternalis arising ventro- 
laterally from the sternal prophragma, passing upwards and outwards to fan over 
the ventro-lateral face of the preceding ring. 

Dorsal, lateral and ventral longitudinal muscles extend from one segment to the 
next, internal to the flexor dorsalis muscles. The retractor dorsalis is wide and extends 
horizontally between one prophragma and the next. The lateral longitudinal muscle 
—here a single flexor inferus longus-retractor paratergalis, arises laterally from the 
prophragma and fans forwards and upwards to the preceding prophragma. The 
retractor ventralis muscle (M. apophysis sternalis of Silvestri) is slender, only present 
in this species as far as segment 6, and extends between the apices of successive 
tracheal pouch apodemes. 

Deep dorso-ventral and oblique muscles, lying internal to the longitudinals, are 
represented in Polydesmus by levator apophysis posticae. It arises laterally from the 
prophragma and passes downwards and forwards as a narrowing strand, to insert on 
to the apex of the posterior tracheal pouch apophysis. 


b. Group I: Superficial Oblique Muscles (Comparative and Functional) 


Flexor dorsalis or flexor internus dorsalis 
and flexor externus dorsalis 
Involvens superus 
Flexor sternalis (= flexor sternalis from anterior sternite) 
Flexor sternalis from posterior sternite 
Involvens medius or retractor inferus mesotergiti 
Flexor inferus brevis 


Flexor internus dorsalis and fleor externus dorsalis are probably rotator in function. 
The Iuliformia, particularly those with many short diplosegments, show conspicuous 
powers of rotation or twisting of one ring upon the next (see Part 4, text-fig. 1b); a 
total body twist of 90° is needed when walking away from the spiral position on to a 
flat surface. Animals tending towards a half-cylindrical body form show less rotation 
between the segments (Polyzoniwm and Siphonophora) and the perfection of the ability 
to enroll into a sphere in the Oniscomorpha, achieved by reducing the body to a 
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short half-cylinder, is accompanied by a loss of sufficient powers of rotation to enable 
the Oniscomorpha to right themselves by this means when placed on their backs on a 
flat surface. These performances are reflected in the form of flexor internus and flexor 
externus dorsalis muscles. Both are absent in Oniscomorpha, where rotation is 
absent ; they form a single sheet in Polyzonium and Siphonophora where rotation is 
very limited ; both muscles are present and set at a slight angle to one another in 
Dolistenus, Polymicrodon, Callipus and Polydesmus where more rotation is possible, 
and these flexors are crossed in the Iuliformia where rotation is so marked, flexor 
externus dorsalis being large, and in the Spirostreptomorpha, duplicated. 
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Oblique anterior stereogram of trunk segments of Siphonophora hartii (Pocock) showing the 
manner of overlap of the scutes and the principal muscles, see also text-figs 4 and 10. 


Involvens superus and flexor sternalis serve dorgo-ventral flexure. Involvens SUperUs 
is usually as dorso-ventral in position as the parts permit, achieving length by ex- 
tending on to the dorsal face of a keel (as in Polydesmus, Polymicrodon and Dolistenus), 
and sometimes arising from the lower instead of the mid-lateral part of the prophragma 
(as in Callipus), and in Poratophilus by arising below involvens medius. Involvens 
superus is a bulky muscle pulling the ventral parts of the ring upwards (needful for 
spiralling, see Part 4, p. 311), and it arises from a skeletal apodeme in the Onisco- 
morpha and Siphonophora (p. 397). In Oniscomorpha this muscle fans forwards on 
to the prozonite, an easy position in the absence of a flexor dorsalis muscle, and pro- 
viding length. 

Flexor sternalis in those orders in which the ring skeleton is entirely fused (Poly- 
desmus, Cylindroiulus, Poratophilus and Spirobolus) pulls the sternal region upwards 
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with white dots. 
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(see also Part 4, text-fig. 3a). Where sternites are free, as in Polymaicrodon (text-fig. 
22) there are two pairs of muscles identified here as a flexor sternalis from the anterior 
and another from the posterior sternite of a diplosegment. The muscles lie in fac 
parable positions, although the function of the smaller flexor sternalis from the 
anterior sternite is shared by involvens inferior. In Callipus involvens inferior takes 
the place of a flexor sternalis from the anterior sternite. In Dolistenus the two muscles 
identified here as flexor sternalis show similarities with those of Polymicrodon, but 
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(a2) Anterior view of a segment of Siphonophora portoricensis Brandt in which the leg shown is 
naturally rotated so that the ventral surface of the telopodite faces anteriorly, depressor 
prefemoris is not labelled, see fig. (b), cut muscles are ruled. 

(6) Anterior view of leg base with the telopodite in the normal position and the distal ends of 
levator femoris and depressor femoris rotated some 90° in comparison with fig. (a). See 
also text-fig. 12a showing a ventral view of the legs in the same position. 


they arise from the tracheal pouches and not directly from the sternites. This position 
gives horizontal length to muscles which must supply strength to the horizontal 
sliding movements of the sternites serving the ‘ wedge’ type of burrowing. The 
pleuro-sternal muscles 4—D and obliquus anticus and medius also become somewhat 
horizontal and contribute to this movement. When pleurites are free it is probably 
unsuitable for a major pull serving the nodding movement to be exerted between 
the pleurites and sternites, and the function of flexor sternalis in Polydesmus and the 
Tuliformia is taken over in Polyzonium and Siphonophora by involvens inferior. 
Flexor inferus brevis is an additional superficial muscle present in some orders. 
In the Luliformia, where tight spiralling is so perfectly performed, flexor inferus 
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(a) Ventral view of legs of Siphonophora portoricensis Brandt with telopodites naturally rotated 
so that the ventral face is directed forwards, as in the anterior view shown in text-fig. lla. 
(b-f) Sagittal and parasagittal sections passing through the sternites of Siphonophora hartit 
(Pocock) in progressively more lateral planes: scutes are white and arthrodial membranes 
are spotted. The levels of the sections are indicated by arrows b-f below figs 4 and 12a. 

(b) Median sections passing between a pair of coxae and through the origin of the sternite apodemes 
from the sternite cuticle. 

(c) Passing through the submedian plane and mesial side of the coxae in the middle region of the 
body, the sternite apodeme is separate from the sternite cuticle, and the full fan of pro- 
tractor coxae is shown on the left and cut short to display retractor coxae on the right, 
retractor longus coxae, which passes to the other side of the body, is, of necessity, cut. 

(d) Through the middle of the coxa, the sternite apodeme now contains the tip of the tracheal 
pouch and carries the retractor to the coxal sac. 

(e) Lateral to the leg and through the spiracle leading to the thick-walled tracheal pouch. 

(f) Slightly more lateral and still through a spiracle, but showing the thick-walled tracheal pouch 
and its thin-walled lateral diverticulum which forms the tracheal sac giving origin to the 
tracheae (see also text-fig. 13, tracheae from tracheal sae on the right). 
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brevis must add to the effectiveness of involvens superus and flexor sternalis, ring 
depth allowing space for an extra muscle. In Poratophilus the muscle is simple and 
situated above flexor sternalis, in Spirobolus flexor inferus brevis is not separable 
from flexor sternalis, while in Cylindroiulus flexor inferus brevis extends forwards to 
insert on the prophragma instead of on the face of the pro- and metazonite. 
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Internal view of the ventral part of Siphonophora portoricensis Brandt, on the left showing the 
muscles exposed after removal of the viscera, fat body and nerve cord and further dis- 
sected on the right. The apodeme from the ventro-lateral corner of the tergal prophragma 
extends forwards as a triangular plate carrying part of flexor inferus longus on its posterior 
face and involvens superus on its anterior face, see text-fig. 11. 


In the Oniscomorpha the muscle named involvens inferus by Silvestri (1903), 
and called by this name in Part 4, text-fig. 8, p. 355), arises from the tendon borne 
at the prophragmal junction of tergite and pleurite, and extends forwards and up- 


wards as a superficial sheet of fibres in two parts, the inferior part inserting upon the 
apophysis squamosi lateralis of the 


preceding prophragma and the superior part 
inserting on the tergal face. This muscle appears to correspond more exactly vith 
flexor inferus brevis than with inv 


olvens inferus. The latter muscle (see below) lies 
deeper in the body and internal to the longitudinal muscles, and always arises more 


ventrally from the tergo-pleural region than flexor inferus brevis, and well below 


XLIV] EVOLUTION OF ARTHROPODAN LOCOMOTORY MECHANISMS—PART 7 413 


flexor inferus longus in Callipus where both involvens inferus and flexor inferus longus 
are present. Flexor inferus longus in the Oniscomorpha appears to be correctly named, 
and it corresponds in position with the six other examples shown on text-fig. 35 ; 
the oniscomorph flexor inferus brevis arises well above this point. The anterior in- 
sertion of the oniscomorph muscle also correspond with those of flexor inferus brevis 
in the Iuliformia. 

Involvens medius is inclined towards a horizontal course more than are the other 
muscles of this group, and in the majority it is nearly or exactly mid-lateral in origin 
on the prophragma (Polydesmus, Poratophilus, Spirobolus, Callipus and Polymicrodon). 
When pleurites are free (Oniscomorpha, Polyzoniwm and Siphonophora) the muscle 
is absent in its usual form and appears to be represented by Silvestri’s retractor inferus 
mesotergitt. This arises in a similar position to involvens medius, but owing to the 
tergite-pleurite hinge the muscle lies close to the lower edge of the tergite. The 
anterior insertion of the muscle lies on the prophragma and not in the middle of the 
tergite. This is a simple morphogenetic shift, others are noted below (see also p. 457), 
and without it the muscle would be extremely short. The function of this muscle is 
clearly that of keeping the lower edges of the half-cylindrical tergites nicely in align- 
ment (for skeleton of Oniscomorpha see Part 4), and such a steadying function could 
hold also for involvens medius in Polydesmus and the Iuliformia. 

The muscle in Dolistenus identified here as involvens medius might perhaps be 
named flexor inferus brevis, but the latter is absent from all other Colobognatha, 
Nematophora and Oniscomorpha. Involvens medius in Dolistenus is a large muscle 
arising unusually low down from the prophragma, external to and below flexor inferus 
longus. Here involvens medius serves to pull the ventro-lateral parts of the tergal 
arch strongly forwards and upwards, a movement serving burrowing in this animal 
(p. 394), but not resulting in tight spiralling, a position the animal cannot assume. 

In Polyxenus (text-figs 34 and 35 and Part 5) the above six superficial oblique 
muscles are represented by a single pair of crossed muscles, referred to as flexor 
dorsalis internus and flexor dorsalis externus by Silvestri and in Part 5.3 This pair 
does not correspond with the muscles so named in other diplopods, since one end of 
each muscle is attached to the ventro-lateral corner of the tergite while the flexor 
dorsalis muscles of Chilognatha are attached to the dorsal parts of the prophragma, 
and the Polyxenus pair cross over the opposite way to that seen in the Iuliformia 
(text-fig. 35). The lack of ability of Polyxenus to enroll and to push removes a need 
for a strong series of superficial oblique muscles, such as just described for the Chilog- 
natha, and the existing flexors, crossed as widely as possible, must serve to keep the 
tergites in alignment and to control the small body flexures and twistings which do 
take place. 


ce. Group II : Dorsal, Lateral and Ventral Longitudinal Muscles and Involvens Inferus 
(Comparative and Functional) 


Dorsal Retractor dorsalis or retractor dorsalis 
and retractor obliquus dorsalis 
Lateral Flexor inferus longus-retractor paratergalis 
or flexor inferus longus 
and retractor paratergalis 
Ventral Retractor ventralis or retractor ventralis internus 
and retractor ventralis externus 


The retractor dorsalis is well named as to function ; it holds each prophragma firmly 
to the next and straightens the body after dorso-ventral bending. It is small and 
weak in Polyxenus, an animal unable to spiral and therefore not needing an effective 
muscle to straighten the body after acute dorso-ventral flexure. In all other orders 


: : ; 
3 The outer muscle in Part 5 called flexor dorsalis externus corresponds with Silvestri’s flexor 
dorsalis internus, and vice versa. 
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Internal view of sagittal half of middle trunk segments of Polyzonium germanicum Brandt, the 
plane being submedian and showing the sternite apodemes already separate from the mid- 
ventral sternite cuticle, a median section through the sternite is shown in text-fig. 15. The 
aspect from which the drawing is made is shown by the arrow f.14 on text-fig. 16a, cut 


scutes are ruled, apodemes are white, cut arthrodial membranes bear black spots and the 
uncut coxal surfaces are lightly stippled. 
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the retractor dorsalis is well developed, and shows few divergencies from a simple 
longitudinal sheet. In Dolistenus the anterior end fans out over the prophragma 
overlapping flexor inferus longus. A smaller dorsal insertion on the succeeding pro- 
phragma is widely separate from that of flexor inferus longus ; reciprocal contrac- 
tion of these two muscles could cause a rocking movement of the succeeding 
prozonite. 

Retractor obliquus dorsalis is present as an inner sheet of fibres fanning obliquely 
over the prophragma below the anterior end of the retractor dorsalis in the Onisco- 
morpha (text-fig. 35 and Part 4, text-fig. 8e). A similar sheet is present on the 
anterior three segments behind the collum in Siphonophora (text-fig. 30a) but it is 
external in position. These oblique sheets of muscle, in part set at an angle to retrac- 
tor dorsalis, are probably concerned with exact movements needed for maintaining 
alignment of the tergal arches during and after acute dorso-ventral flexure of a body 
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Median view of a sagittal half of a sternite and coxa of Polyzonium germanicum Brandt to show 
the origin of the sternite apodeme from the coxal cuticle, cf. text-fig. 14. Conventions as 
on text-fig. 14. 


reduced to a half cylinder. These needs must be greatest in the situations in which 
this muscle is found. 

Flexor inferus longus-retractor paratergalis as a single muscle extends from the 
lateral part of a tergo-pleural arch below the retractor dorsalis and fans backwards 
and downwards to the succeeding prophragma in the Chilognatha. The lower edge 
of the muscle remains horizontal in Polydesmus, Cylindroiulus and Spirobolus, but 
oblique in Polymicrodon and Dolistenus. In the Pselaphognatha (Polyxenus) this 
muscle ends posteriorly on the hinder margin of the pleurite of the same segment 
(text-fig. 35). Its function must be a little different from the intersegmental muscle 
of the chilognatha and presumably serves the independent pleurite movements and 
lateral bending (see Part 5). 

Retractor paratergalis, as a separate component of the lateral longitudinal muscle 
complex, in ®Poratophilus and Callipus forms an outer horizontal sheet, and provides 
the horizontal muscle uniting the anterior edges of successive free pleurites in the 
Oniscomorpha and Colobognatha. 

Flexor inferus longus forms a separate inner sheet of oblique fibres in Poratophilus 
and Callipus, and in animals with free pleurites the muscle crosses the tergo-pleural 
hinge, extending from the lower half of the tergal prophragma obliquely inwards and 
backwards to the anterior margin of the succeeding pleurite. 

The functions of the horizontal paratergalis fibres must be that of promoting 
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(a) The arrows on the diagram show the viewpoint of the drawings of sagittal halves of middle 
trunk segments of Polyzonium germanicum Brandt, the right-hand half is viewed obliquely 
from the median plan in text-fig. 14 and the left-hand half is viewed externally and a little 
obliquely from below in text-fig. 160. 

(6) Ventral external view of the left side of Polyzonium germanicum Brandt as shown by the 
arrow f.16b in fig. a, and drawn as a transparent object to display the superficial muscles, 
conventions as on text-fig. 14. 

(c) Diagrammatic transverse section of Siphonotus purpureus Pocock, showing the frequent and 
unnatural distortion of the parts on preservation and the insertions of the deep oblique and 
dorso-ventral muscles involvens inferior and levator apophysis posticae. 
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lateral bending by unilateral contraction, and with the other longitudinal muscles, 
of strongly holding the alignment of the segments in any momentarily suitable posi- 
tion for transmission of a forward thrust. The oblique inferus longus fibres must 
assist in dorso-ventral bending. The preponderance of oblique fibres in Polymicrodon 
and Dolistenus is probably associated with the intersegmental rocking movements 
utilized in ‘ wedge’ burrowing. 

Retractor ventralis muscles. Silvestri’s name ‘M. apophysis squamosi’ has not 
been used here since these muscles in some Colobognatha are not inserted upon tracheal 
pouch apodemes (Silvestri’s apophysi squamosi), and the name does not suggest the 
clear homology of these muscles with the ventral longitudinal muscles of other 
arthropods. 

The simplest condition is a sheet of fibres running between one tracheal pouch 
apodeme and the next, as seen in Callipus, and at the anterior end of the body in 
Polydesmus and the Luliformia (text-figs 21, 24-25). The primary function of this 
muscle appears to be a simple pulling together of the ventral elements during the 
nodding movement, the muscle being absent where there are no free sternites (most 
- of the trunk of Iuloidea and Polydesmus). In cylindrical diplopods the pair of retractor 

ventralis muscles are too close together for unilateral contraction to give much, if any, 
assistance to lateral bending (see Part 4, text-fig. 3c ‘ mus.lac.v.’, Silvestri’s name 
for the iuliform retractor ventralis), the lateral longitudinal muscles being much 
more advantageously placed for this purpose. Polymicrodon and Polyxenus show in 
addition some long components which traverse more than one segment (text-fig. 22 
and Part 5, text-fig. 3c). 

A similar but wide sheet of muscles extends between the sternite apodemes of 
Polyzonium, traversing each sternite obliquely as shown in text-figs 14 and 16. In 
Siphonotus a narrow band of fibres unites the sternite apodemes just above, but not 
lateral to, the leg bases (text-fig. 7). These muscles again serve the needs of enrolling 
movements. 

Retractor ventralis internus and retractor ventralis externus. In the Oniscomorpha, 
Dolistenus, Brachycybe and Siphonophora the retractor ventralis form two bands, an 
internal and an external. They extend between the inner and outer arms of the 
tracheal pouches except in Siphonophora (text-figs 17 and 18 and Part 4, text-fig. 8e 
‘a.s.in’ and ‘a.s.ex.’). In the latter a slender retractor ventralis internus connects 
the sternite apodemes above the leg bases, as in Siphonotus, and a much wider and 
thicker retractor ventralis externus links the posterior upturned margins of the 
sternites (text-figs 11 and 13). The latter muscle is clearly homologous with the 
lateral part of the retractor ventralis of Polyzoniwm (separately named on text-fig. 8b, 
cf. text-fig. 8a). 

The position and insertions of retractor ventralis externus in Siphoncphora, 
where it pulls on the strong lateral part of the sternite, is mechanically suitable for 
assisting horizontal body flexure by unilateral pulling together of the sternites, so 
that they diverge from one another on the opposite side of the body. The lateral 
part of the retractor ventralis of Polyzonium is less suited for such a purpose since 
the sternal apodemes are thin, and far removed at this point from their firm origin. 
It is probably significant that Siphonophora is more adept at lateral bending than 
any other diplopod so far seen. 

The retractor ventralis externus of the Oniscomorpha, as in Polyzoniwm, is in- 
serted on apodemes far removed from their base, and the absence of any ability to 
bend acutely in the horizontal plane indicates that both internal and external section 
of the retractor ventralis are used for longitudinal pulling together of the tracheal 
pouches, and consequently the sternites and legs. Thus it appears that the large bulk 
of retractor ventralis muscles in Nematophora, Oniscomorpha, Dolistenus and 
Brachycybe are primarily directed towards effecting linear sternite movements which 
may be employed either in rolling up or in locomotory sliding of the sternites, so 
conspicuous in all these animals, and that the position and functions of the siphono- 
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phoran retractor ventralis externus are exceptional. The role of the massive retractor 
ventralis in the anterior segments of Dolistenus is considered on p. 436. 
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Text-Fia 17 
Internal view of sagittal half of middle trunk segments of Dolistenus savii Fanzango, the plane 
of the cut is median, cut scutes are ruled, internal apodemes are white, cut arthrodial mem- 
branes are white with black spots and the uncut coxal surfaces are lightly stippled. The 
anterior and posterior sternites and coxae of a diplosegment are marked 1 and 2 respec- 
tively, the components of diplosegments A and B being marked by brackets. 


d. Group III : Deep Dorso-ventral and Oblique Muscles (Comparative and Functional) 
Dorso-paratergalis 
Levator apophysis anticae 
Levator apophysis posticae 
Involvens inferus 
Involvens inferior to anterior sternite 
Involvens inferior to posterior sternite 
Obliquus anticus 
Obliquus medius 


Where the skeleton of each diplosegment is fused, these muscles are represented 
by levator apophysis posticae and in the Iuliformia by involvens inferus also, but up 
to eight muscles occur in species with free pleurites and free sternites. 
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_ Dorso-paratergalis is found only when the pleurites are free. It arises from the 
junction of pro- and metazonite near the ventral margin of retractor dorsalis, and 
descends directly downwards to the middle of the pleurite, passing internal to the 
retractor paratergalis. The dorso-paratergalis muscle serves to raise the pleurite on 
its lateral hinge to the tergite, a movement also raising the sternites which are covered 
laterally by the pleurites (see Siphonophora and Polyzoniwm in text-figs 7, 9-11 and 


14%and Sphaerotherium in Part 4, text-fig. 8e, p. 354). 
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and levator apophysis posticae. The latter is present in 
from the prophragma and passing forwards and down- 
wards to insert on the posterior tracheal pouch apodeme of the preceding diplosegment. 
In Polydesmus and the Iuliformia, where the tracheal pouch is rigidly attached to the 
' preceding diplosegment, this muscle probably exerts a stablizing function, but when 
it arises from the prophragma closer to the ventral than the dorsal surface it must 
assist dorso-ventral flexure. The great enlargement of this muscle at the head end 
in Polymicrodon (p. 436) suggests its usefulness in spiralling. Levator apophysis anticae 
is present only where the sternites are free, but is represented by a tendon in 
Spirobolus. This muscle usually inserts on the anterior tracheal pouch, sloping down- 
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wards and backwards from the prophragma of the same diplosegment as in Callipus 
and Polymicrodon. Where sternites are free levator apophysis anticae and posticae 
serve to hold and to raise the sternites. ; 
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Internal view of sagittal half of middle trunk segments of Poratophilus punctatus Attems, the 
deep muscles are cut away on the left to display the superficial oblique muscles. 


The origins of levator apophysis posticae in Dolistenus and Sphaerotherium have 
shifted forwards from the prophragma, in Dolistenus to the thickened middle of the 
preceding tergite, and in Sphaerotherium right across the preceding diplosegment to’ 
the apophysis squamosi lateralis, the muscle here sloping backwards and not forwards 
from the prophragma (text-fig. 35). The absence of the usual inter-diplosegmental 
position of this muscle is clearly associated with making space for a large, somewhat 
horizontal, obliquus medius muscle (see below), which in both animals contributes 
strength to the sternite sliding movements. 
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In Siphonophora, Siphonotus and Polyzonium, where tracheal pouches do not 
form apodemes, muscles clearly homologous with levator apophysis anticae and pos- 
ticae pull on the sternite edges. In Siphonophora these muscles insert near to the 
postero-lateral border of the sternites, their tendinous fibrillae passing through the 
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Internal view of sagittal half of middle trunk segments of Sptrobolus sp., the deep muscles are 
cut away on the left to display the superficial oblique muscles. 


thick arthrodial membrane which unites the scutes. In Siphonotus the two levators 
diverge from each prophragma just as in Siphonophora and many other pea 
but they insert near to the strong antero-lateral borders of the short sternites. e 
small size of Siphonotus leads to relatively thick and bulky arthrodial membranes 
round the sternites and very long tendinous fibrils from the muscles. These fibres 
from levator apophysis anticae and posticae pass into the arthrodial oat ee 
fairly close together, leaving unequal ventral distances between muscles supplying 
equidistant sternites (text-fig. 7 muscles from prophragma 6 and 7). 
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In Polyzonium, as in Siphonotus, the form of the sternites leads to an antero- 
lateral insertion of levator apophysis anticae and posticae, since the pull must come 
from a rigid part of the sternite. But the levators of Polyzoniwm do not diverge from 
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associated with the greater range of sternite elevation and depression i 
s Pol 
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Internal view of sagittal half of middle segments of Polymicrodon polydesmoides Leach, many 
muscles are cut away on the left in order to display the superficial oblique and pleuro- 
sternal muscles; the anterior and posterior sternites and coxae of a diplosegment are 
marked 1 and 2 respectively ; the components of diplosegments A and B being indicated ; 
uncut coxal surfaces and the three left-hand sternites are stippled. 


Involvens inferus is drawn with the muscles of group II in text-fig. 35 for conve- 
nience, involvens inferior being shown with group III muscles. Involvens inferus is 
a narrow oblique muscle which extends as steeply as space permits from the pro- 
phragma below the retractor dorsalis to insert, often in a notch or on a small apodeme, 
ventro-laterally on the following prophragma. It is present in similar form in 
Cylindroiulus and in Callipus. It is represented by an elastic tendon in Spirobolus, 
and in Polymicrodon it inserts on to the apex of the posterior tracheal pouch. Pre- 
sumably the Polymicrodon condition is secondary and associated with the large size 
of the tracheal pouch which obstructs the direct line to the normal insertion of this 
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muscle (compare the detail on the right sides of text-figs 21 and 22). The muscle iden- 
tified by Silvestri as involvens inferus in Oniscomorpha is here suggested to be flexor 
inferus brevis, see above. ) are 

The function of involvens inferus appears to be that of assisting involvens superus 
and flexor sternalis in promoting acute dorso-ventral flexure, and tight spiralling is 
possible to all animals possessing this muscle. In Poratophilus the ventral extension 
of flexor inferus longus and its great size has probably made unnecessary a separate 
involvens inferus muscle. This conclusion as to the function of the superficial involvens 
superus and flexor sternalis muscles and the deep involvens inferus, is supported by 
the musculature of Polyxenus, where these three muscles are absent, as is the power 
of marked dorso-ventral flexure. 

One involvens inferior is present in all diplopods possessing free sternites. Typically 
it arises from the thickened junction of pro- and metazonite just below the retractor 
dorsalis and descends steeply downwards and backwards, internal to the paratergalis 
complex, to insert on the antero-lateral corner of the anterior sternite of the following 
diplosegment, as in Oallipus and Polymicrodon and Colobognatha. Its function must 
be similar to that of involvens inferus in assisting sharp dorso-ventral flexure and 
spiralling. 

A second involvens inferior, inserting on the antero-lateral corner of the posterior 
sternite, is present in Dolistenus and arises from the prophragma of the same segment, 
running parallel to involvens inferior to the anterior sternite. Comparable muscles 
are also present in Sphaerotherium (Part 4, p. 319 and text-fig. 8e, p. 354, where 
Silvestri’s names levatores sternales anticae and posticae were used). The absence 
of a second involvens inferior serving the posterior sternite in Callipus and Poly- 
microdon appears to be correlated with the presence of a flexor sternalis muscle from 
this sternite with rather similar insertions. The absence of the second involvens 
inferior in Siphonophora is probably connected with its place being occupied by 
levator apophysis anticae, which, owing to the unusual method of sternite over- 
lapping, inserts close to the point where involvens might be expected to insert. The 
strong slidmg movements of the sternites of Dolistenus and Sphaerotherium are 
assisted by obliquus anticus and medius, muscles unique to these diplopods. The 
two involvens inferior muscles hold the lateral margins of the sternites while the 
levatores apophyses anticae and posticae hold the tracheal pouches, thus steadying 
the sternites during the sliding movements. Polyzonium shows some sternite sliding 
and is a weak pusher. A second involvens inferior muscle may thus be unnecessary 
in the absence of the obliquus muscles. 

Obliquus anticus and obliquus medius occur only in Dolistenus and Sphaerotherium 
where they strengthen the horizontal movement between sternites and tergo-pleural 
or tergal arches. Obliquus medius arises from the propbragma and inserts on the 
posterior tracheal pouch in both species, and obliquus anticus arises from the thickened 
junction between pro- and metazonite in Dolistenus and more anteriorly in Sphaero- 
thervwm, inserting on the anterior tracheal pouch in both species. 


Thus a maximum of three muscles, the levator apophysis, the involvens inferior 
and the obliquus, supply each freely movable sternite in the chilognath Diplopoda, 
Dolistenus and Sphaerotherium. In the pselaphognath, Polyxenus, the relatively im- 
mobile and flat coxae functionally replace the sternites (see Part 5). It is probable 
that ‘ dorso-sternal muscles ’ d.s.a., d.s.b., and d.s.c. of Polyxenus which insert on the 
arm of the segmental tendon, on the arm of the Y-skeleton on the coxa and on the 
coxal margin respectively represent the three muscles which supply the sternite and 
its apophyses in the Chilognatha, muscle d.s.a., representing a levator apophysis 
muscle. There is no clear indication as to the exact correspondence of the other two 
muscles in the two sets of three (text-fig. 35). The positions in the body of the ‘ dorso- 
sternals ’ of Polyxenus correspond with those of the deep oblique and dorso-ventrals 
of the Chilognatha, the dorsal insertions of the Polyxenus muscles are similar to those 
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of Polyzonium, the muscles from two sternites converging on to the middle of the 
tergite. The inferred shift of the ventral insertions in Polyxenus is a no greater 
change than others already noted within the Chilognatha (p. 457). The functions of 
these muscles in Chilognatha and Pselaphognatha also correspond. Thus it is no longer 
necessary to regard ‘ dorso-sternal ’ muscles in Polyxenus as entirely peculiar to the 
Pselaphognatha, as concluded on the available evidence in Part 5. 


e. Group IV : Pleuro-sternal Muscles (Comparative and Functional) 


Muscle A (M. externus apophysis anticae, Silvestri) 

Muscle B (M. inferior apophysis sternalis anticae, Silvestri) 

Muscle C (M. inferior lateralis anticus apophysis posticae, Silvestri) 
Muscle D (M. inferior lateralis posticus apophysis anticae, Silvestri) 
Muscle E (M. superior apophysis sternalis anticae, Silvestri) 
Muscle F (M. externus apophysis sternalis posticae, Silvestri) 


These usually short muscles connect free sternites with the tergo-pleural arch or 
with free pleurites of the same or adjacent diplosegments (text-figs 1, 4, 10, 11, 13, 
16, 17, 21, 22). These muscles are not easy to examine, their appearance greatly 
changing with different degrees of sternite elevation. The probable homologies of 
the muscles are summarized in text-fig. 35, but reference must be made to the less 
diagrammatic figures to appreciate their positions and functions. Up to three pairs 
of muscles supply the parts of each sternite, those to the anterior sternite being 
influenced by its intersegmental position. Silvestri (1903) correctly described the 
six muscles in Callipus, but his terminology has not been adopted because it is 
cumbersome, not generally applicable, and does not indicate the functions or homo- 
logies of these muscles. As with other trunk muscles, the insertion of some of these 
muscles changes in some species. 

Muscle A (M. externus apophysis anticae, Silvestri) from the anterior sternite 
and muscle C (M. inferior lateralis anticus apophysis posticae, Silvestri) from the 
posterior sternite correspond ; the former is long in both Callupus and Polymicrodon, 
passing upwards and backwards over the face of the prozonite, and muscle C' is a 
short fan. In Dolistenus the extreme forward shift of the sternites relative to the 
tergites (text-figs 5 and 17) brings the sternal origin of muscles A and C further 
forwards than in the Nematophora. This enables these muscles to lie more hori- 
zontally (cf. text-figs 17 and 18 with 21 and 22), to be equal in length, to insert on 
the prophragma and on the mid-tergal ridge respectively, and thus, with obliquus 
medius and anticus, to contribute to the very strong horizontal movements which 
take place between the tergal arch and sternites in this animal. Muscles A and C' 
in Siphonophora and in Polyzoniwm slope upwards or forwards from the sternites and 
consequently muscle A inserts on the pleurite of the diplosegment in front. 

Muscle B (M. inferior apophysis sternalis anticae, Silvestri) from the anterior 
sternite and muscle D (M. inferior lateralis posticus apophysis anticae, Silvestri) 
from the posterior sternite correspond. In the Nematophora they both run roughly 
backwards and parallel to muscles A and C’ but are more ventral in position (text- 
figs 21 and 22). In Dolistenus the forward shift of the sternites results in muscle B 
inserting on the posterior corner of the tergo-pleural arch of the diplosegment in 
front instead of on its own segment. In Polyzonium muscles B and D are roughly 
antagonistic to muscles A and C, muscle B being longer than the others. In Siphono- 
hora, where there is so much sternite overlap and the arthrodial membranes uniting 
the sternites with other scutes are short and thick, the pleuro-sternal muscles arise 
laterally from these membranes rather than from the sclerotized cuticle of the sternites 
themselves. The muscles arise level with the widest point of the strengthened an- 
terior part of the sternite (unstippled crescent across the sternites in text-fig. 13) and 
the overlying posterior edge of the preceding sternite. Muscles A and B and muscles 
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C and D are confluent in S. portoricensis although muscles C and D are distinct in 
S. hartia (text-figs 10 and 13). . 

Muscle E (M. superior apophysis sternalis anticae, Silvestri) from the apex of the 
anterior tracheal pouch and muscle F ((M. externus apophysis sternalis posticae, 
Silvestri) from the apex of the posterior tracheal pouch correspond. They are found 
only in Callipus and Dolistenus, being absent from the less deep diplosegments of 
Polymicrodon and from the colobognathan species possessing free pleurites where 
trachal pouch apodemes are absent. 

Pleuro-sternal muscles appear to be absent in the Oniscomorpha, unless perhaps 
obliquus anticus is misnamed and represents one such muscle. This absence may be 
correlated with the immense size of the tracheal pouches to which the coxae articu- 
late. The musculature to the tracheal pouch apophyses is thus of much greater 
importance than any to the small sternites themselves which do not form articular 
sockets for the coxae as in other diplopods (see Part 4, p. 318 and text-figs 4c and 8f). 
The pleuro-sternal muscles of Chilognatha are probably represented in Polyxenus by 
the elaborate series of muscles described in Part 5, p. 163 as lateral tergo-sternal and 
pleuro-sternal muscles. . 

Further trunk muscles are few. Tergo-pleural muscles, other than flexor inferus 
longus, occur only in Polyzonium and in Polyxenus (text-figs 14 and 16 and Part 5, 
p. 164). The freedom of tracheal pouches of a pair in the Oniscomorpha has led to 
crossed sternalis intersecautus muscles which hold them together (Part 4, p- 319) and 
a few muscles serve the folds of arthrodial membrane in Polyxenus (Part 5, p. 164). 


10. CoLoBoGNATHAN LEG STRUCTURE AND Uszs 


The structure of the legs of Colobognatha is much more uniform among the species 
examined than is the form of the trunk skeleton (text-fig. 8 and Part 6, text-figs 4b, 
16a, pp. 500 and 528). The habits of Colobognatha which differ most from the 
majority of Diplopoda are the mode of ‘ wedge’ burrowing and the capacity for 
clinging upside down on rock or other surfaces, abilities not exercised all the time. 
This latter capacity is excelled only by the sucker-footed Polyxenus (see Part 5). 

A leg movement which has been clearly seen in Siphonophora portoricensis is 
probably used to some extent by some other Colobognatha, and may assist in wedge 
burrowing, but the movement is not correlated with very conspicuous structural 
peculiarities. The colobognathan coxa swings backwards and forwards about a 
transverse axis, as in most diplopods other than Nematophora (Part 6). But the 
telopodite of 8. portoricensis can twist through 90° on the coxa so that the ventral 
surface of the telopodite becomes anteriorly directed, as shown by text-figs lla and 
12a in transverse aspect and in ventral view respectively. The legs of one dead speci- 
men are in this position all along the body; this has not been found in any other 
diplopod. It is possible that the ability to twist the telopodite in this manner may 
help to obtain a forward grip by legs of a pair, particularly in tight places. 

In Siphonophora levator femoris arises from the femur a little posterior to the 
mid-dorsal line while depressor femoris arises a little antero-ventrally (text-figs lla 
and 6). The usual tight pivot articulation is situated anteriorly between prefemur and 
trochanter, but elsewhere the joint is loose. It is possible that these muscles cause 
the rotation of the telopodite to and from the position shown in ventral view in text- 
figs 1la and 12a; no other feature has been found which could account for this 
movement. The muscle identified as retractor prefemoris might contribute to the 
telopodite rotation by pulling the dorsal rim of the prefemur downwards and back- 
wards. Intrinsic retractors are rare in diplopods (Part 6, text-figs 4b, 5h, 18h and A 
and 21a and p. 533), and a retractor prefemoris has not been found outside the Colo- 
bognatha. In all species examined this muscle fans over the posterior face of the coxa, 
arising postero-dorsally from the prefemur in Polyzonium and more dorsally in 
Dolistenus and Siphonophora (text-figs. 1, 8a and b, 110, and 12c). 
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No leg segment is particularly long, and the shapes of their margins serve the 
needs already considered in Part 6, pp. 506-507). The coxa is wide, and, except for 
Dolistenus, is more ventrally directed than in other diplopods and very firmly articu- 
lated with the sternite. The trochanter and prefemur arise from the ventro-lateral 
corner of the coxa in a manner contrasting with diplopods other than Polyxenus 
(Part 6, text-figs 4b and c, cf. 4a and d and 5f, g and h), suggesting that this shape is 
in some way connected with the similarity in the use of the gripping legs in the two 
orders. The ventral direction of the coxa allows the longest possible leg length to be 
covered by keels or flanks, but necessitates a free trochanter to promote the initial 
upward flexure of the leg (see Part 6, p. 501). 


tendon of DOLISTENUS 
flexor unguiculi 


tarsus 


anterior 


posterior anterior 


TrExt-Fia. 23 


Tarsal claw of Dolistenus savii Fanzango, (a) in anterior view, (b) in ventral view. 


The tarsal claw is long and strong, longer than in typical species of other orders 
except Blaniulus (Part 6, text-fig. 16a and legend), and is usually strongly flexed. The. 
claw is simple in Polyzonium and Brachycybe, but in Dolistenus a sensory seta half the 
length of the claw is situated anteriorly at its base, and the claw itself possesses very 
thin lateral expansions giving a wide grip to the tip (text-fig. 23). The expansions 
usually are invisible in balsam but easily seen in benzyl alcohol. 

The intrinsic limb musculature of the telopodite of Dolistenus (text-fig. 1) is 
typically diplopodan and. simple, and Siphonophora (text-fig. 8) contrasts in possess- 
ing weak tibial and postfemoral flexors, the more distal flexors being larger, stronger 
and housed in relatively wider leg segments, features associated. with the very strong 
grip exerted by the legs of this animal. The posterior position within the coxa of the 
coxal sac results in the insertion of depressor prefemoris over the mesial and anterior 
face of the coxa instead of over the posterior face as is usual in diplopods other than 
Nematophora (text-figs 1, 8a and 6, 116, 12¢ and Part 6, text-fig. 4b and pp. 539 and 
533). Levator prefemoris is not extrinsic in Siphonophora or Dolistenus as it is in 
Polyzonium. Levator femoris is normal in Dolistenus, but Polyzonium possesses an 
extra longus component fanning over the anterior face of the coxa, and in Siphono- 
phora (text-figs 8a and 12a and c) this long muscle alone is present, an Se ee 
correlated with the shortness of the prefemur and resulting in a gain In muscle length, 
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useful in steeply raising the leg at the trochanter-prefemur joint. The N ematophora 
also show a long levator prefemoris crossing two joints to reach the anterior coxal 
face and serving the same purpose (Part 6). 

The extrinsic protractors and retractors of the coxa and the retractor of the coxal 
sac in Dolistenus resemble those of most diplopods. They all insert on tracheal 
pouches, a longus component of the retractor coxae gaining length by crossing to the 
opposite side of the same segment (text-figs 1 and 18). In Siphonotus and Polyzoniwm 
none of these muscles insert on tracheal pouches. The retractor to the coxal sac and 
most of retractor coxae brevis and protractor coxae brevis insert on the sternite 
apodemes. Parts of the two brevis muscles attach directly on to the anterior part of 
the sternite in Polyzonium (text-figs 14 and 15) and in Siphonophora on to the tracheal 
pouches, and in this genus longus components of the coxal retractors and protractors 
cross over to the sternite apodemes of the opposite side (text-figs 11 and 12c), so gaining 
length for easy displacements of the coxa, as in Nematophora, Polydesmoidea and 
Polyxenus. 


11. SUMMARY OF SKELETO-MUSCULAR FEATURES OF COLOBOGNATHAN 
TRUNK SEGMENTS WHICH SERVE Conspicuous HABITS 


All Colobognatha exhibit ceiling living habits and execute a strong grip with the 
paired legs. With these capacities are associated :—(1) complete cover, often for 
relatively long legs, by keels or flanks (incomplete in Dolistenus); (2) the pre- 
dominantly downward projection of the coxa (except in Dolistenus), the mobile 
trochanter and the upright tarsus (see Part 6, p. 503); (3) the strongly gripping 
tarsal claw, possessing lateral wings in Dolistenus (p. 427), and the well-developed 
distal flexor muscles of Siphonophora (p. 427) ; (4) the ability of forward rotation of 
the telopodite, mediated by small alterations in depressor femoris and levator 
femoris muscles, and by the presence of a so-called retractor prefemoris, a muscle 
recorded from no other order (p. 426). 

The telescopic and rocking movements between the trunk diplosegment which 
serve the ‘wedge’ type of burrowing (p 394), and which give to Dolistenus and 
Brachycybe a greater pushing force than has been found in other diplopods, are based 
upon :—(1) a marked anterior tapering of the prozonite (p. 396); (2) a strengthened 
posterior edge to the metazonite (p. 396) ; (3) a strengthened junction of pro- and 
metazonite (p. 396) ; (4) sternites displaced unusually far forwards and surrounded 
by ample arthrodial membranes permitting antero-posterior sternite sliding ; (5) fan- 
shaped anterior end of retractor dorsalis (p. 415) ; (6) a bulky involvens medius 
steeply descending from the tergite to a ventro-lateral and not a mid-lateral insertion 
(p. 413) ; (7) the forward mid-tergite position of origin of levator apophysis posticae 
(p. 420) ; (8) the presence of an involvens inferior from the posterior sternite as well 
as the usual involvens inferior from the anterior sternite (p. 424) ; (9) the presence of 
obliquus anticus and obliquus medius muscles (p. 424), found elsewhere only in Onis- 
comorpha ; (10) a maximum number of muscles in the ventral and ventro-lateral 
positions disposed so as to give horizontal pulling on the sternites (anterior and pos- 
terior flexor sternalis, obliquus anticus and medius, pleuro-sternal muscles A—D and 
retractor ventralis internus and externus). The modifications at the head end of 
Dolistenus serving the same needs are even more striking (p. 436). Some, but not all, 
of these features occur in other Colobognatha whose pushing abilities are less strong. 

Siphonophora hartii and S. portoricensis excel not only in ceiling living habits 
but in lateral as well as dorso-ventral flexibility. Tight dorso-ventral spiralling is 
facilitated by :—(1) the half cylindrical body shape with a flat ventral surface (p. 397) 
made possible by (2) free pleurites as well as free sternites, and their associated deep 
dorso-ventral and oblique musculature (p. 419) ; (3) the overlap of the sternites from 
behind forwards while the tergites and pleurites overlap from before backwards, made 
possible by the sternite posterior to the leg base being sclerotized (p. 398) ; (4) the 


XLIV] EVOLUTION OF ARTHROPODAN LOCOMOTORY MECHANISMS—PART 7 429 


presence of a ventro-lateral apophysis from the prophragma for the origin of involvens 
superus (p. 397) (as in Oniscomorpha). 

Lateral flexibility permitting horizontal spiralling is facilitated by :—(1) the 
insertion of retractor ventralis externus upon the lateral parts of the sternites, and 
not upon tracheal pouches as in other diplopods ; (2) the emarginations of sternites 
and pleurites where they overlap, so that they can converge and diverge with ease on 
lateral bending of the body (text-fig. 13). Half-cylindrical animals seldom show this 
marked ability to flex in the horizontal plane, cf. Oniscomorpha. 

The antero-posterior sliding of sternites shown by Polyzonium (Part 4) but not 
by Stphonotus (which is anatomically very similar in many respects to Polyzoniwm), 
is probably facilitated by the wide retractor ventralis muscle, that of Scphonotus being 
very narrow, lying only above the legs. Ample retractor ventralis muscles are also 
present in Nematophora and Oniscomorpha, both showing sternite sliding movements. 


12. MuscuLATURE OF THE HEAD END OF THE Bopy In DIPLOPODA 
IN RELATION TO FUNCTION AND PHYLOGENY 


A study has been made of the anterior musculature of Polydesmus, Cylindrovulus, 
Spirobolus, Dolistenus, Siphonophora, Siphonotus and Polyxenus, these being repre- 
sentative diplopods in which technical difficulties and availability of material have 
allowed a sufficiently complete examination. The anterior four segments behind the 
head in typical diplopods differ from those following in the limbless condition of 
segment 1, its tergite, the collum, being separate from sternite 1, and in the possession 
of only one pair of legs on segments 2-4. Opinions differ as to whether these segments 
are single or diplosegments. Some anterior skeletal modifications have been noted 
in section 8, and in Part 4, p. 325. 


a. Modification of Muscles in Segments 2-5 in Association with Habits 


Polydesmus (text-fig. 24) shows least difference between the musculature of the 
anterior four segments and those which follow, and fairly acute dorso-ventral flexure, 
limited, however, to the anterior end, is achieved largely by the progressive and con- 
siderable differences in depth of the anterior segments and the freedom and shortness 
of sternite 2. Retractor dorsalis, flexor dorsalis (not separated into internus and 
externus sections) and involvens superus are similar on segments 1-4; retractor 
paratergalis, flexor sternalis and levator apophysis posticae are clearly recognizable 
as far forward as segment 2; involvens medius, wider on segment 3 than on those 
behind it, appears to be fused with retractor paratergalis on segment 2, or it may be 
absent while the latter muscle is much enlarged. Peculiarities of other muscles at- 
tached to the tracheal pouch apodeme of segment 2 and to the sternite of the collum 
are considered on pp. 449 and 446. 

Two main types of divergence from the Polydesmus simplicity exist. (1) An 
exaggeration of either the deep oblique muscles in Polymicrodon or of the superficial 
obliques in Oylindroiulus, which become as dorso-ventral as the hard parts permit, is 
associated with perfect spiralling. (2) In Dolistenus by contrast some musculature 
becomes as horizontal as the hard parts permit, and this serves the needs of * wedge ; 
burrowing which are greatest at the head end. 


b. Facilitation of Spiraling by the Musculature of Segments 2-5 of Cylindroiulus and 
Polymicrodon 

The anterior muscles of Cylindroiulus are shown in sagittal and in external views 

in text-figs 25a and b. The segments are much deeper and shorter than those of 

Polydesmus (text-fig. 24), and sternites are fixed from segment 4 backwards. The 
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Cylindroiulus punctatus Leach, the large numbers mark the tergites of the trunk segments. (a) 
Internal view of sagittal half of the anterior segments. (b) External view of the same 
anterior segments drawn as transparent objects to show the superficial muscles. (c) Ventral 

view of sternite 1, anterior margin above and posterior margin below. The retractor ven- 

tralis muscle between sternite 1 and the tracheal pouch apodeme of sternite 2 runs in two 
sections, the direct muscle to the postero-lateral condyle of sternite 1 arises from the whole 
length of the tracheal pouch apodeme, while an oblique strand crosses its fellow in the 
middle line to insert on the posterior margin of sternite 1 (figs @ and c). Sternite 1, muscle 

d, is attached to the arthrodial membrane just behind sternite 1 and not to the edge of 


the sternite itself. 
JOURN. LINN. SOC.—ZOOLOGY, VOL.XLIV. 24 
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crossed flexors internus and externus dorsalis and retractor dorsalis are present on 
every segment.including the first. The more ventral position of the stink gland reser- 
voir in segment 6 allows involvens superus to fan out antero-dorsally to a greater 
extent than it does on the hinder segments, the absence of the reservoir further forward 
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allows involvens medius to elongate dorsally, and with flexor inferus brevis, the three 
muscles form an almost continuous dorso-ventral fan, the series ending with involvens 
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The deep dorso-ventral and pleuro-sternal muscles of the anterior trunk segments of Dolistenus 
savit Fanzango, shown in text-fig. 28, are redrawn here to show the anterior modifications 
of the muscles; the anterior sternite, anterior coxa, and their muscles of a typical diplo- 
segment (segment 6) are shown in black and the posterior sternite, posterior coxa and their 
muscles are stippled and ruled (segment 6), the modifications of the muscles (black) of the 
anterior components of trunk segment 5 can be seen in contrast to segment 6; the muscles 
(ruled) of sternite 2-4 (heavily stippled) can be compared. with those which follow ; sternite 
1 is cut in section (ruled) and its muscles are shown as on text-figs 27 and 31. Muscle 
A’ represents an additional section of pleurosternal muscle A from the anterior sternite 
of segment 5, cf. extra section of levator apophysis posticae in segment 4 in Svphono- 
phora and in segments 3 and 4 in Polymicrodon, text-figs 27 and 31. 


in the collum segment (text-fig. 255). These muscles, assisted by the flexor sternalis 
series, pull the antero-ventral parts of the segments upwards and forwards and so 


forms the tight nucleus of the spiral position. 
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In Polymicrodon (text-fig. 26), where sternites are free, the four muscles retractor 
dorsalis, flexus dorsalis, involvens superus (also involvens to collum) and flexor inferus 
longus form an even series from segment 1 backwards, and the involvens medius series 
is similar but starts in segment 2. The deep dorso-ventral and oblique muscles show 
marked differences anteriorly. These muscles and the pleuro-sternals are drawn 
separately in text-fig. 27 where the conventions indicate their probable homologies. 
Levator apophysis posticae (black) becomes longer, wider and duplicated towards the 
head end, as shown. The homologues of levator apophysis anticae (longitudinal ruling) 
also insert on the single tracheal pouches in segments 2-4. The probable homologues 
of involvens inferus (horizontal ruling) attach to the tracheal pouches of segments 
2-4, as occurs posteriorly, a backward shift of the tergal origins of these muscles 
making space for the elongation and duplication of levator apophysis posticae (see 
(footnote p. 446). The extra length and strength of the levator apophysis posticae 
muscles in segments 24, together with the presence of levator apophysis anticae and 
a normal involvens inferior, must raise the ventral skeletal elements and pull them 
tightly together, so assisting close enrolment. Thus in Polymicrodon it is the deep 
obliques while in Cylindroiulus it is the superficial obliques whose modifications assist 
spiralling, and these features have probably been independently acquired. A muscle 
between sternite 2 and the internal pseudoccipital process of the cranium also helps 
the nodding movement. It is absent in Polydesmus, but present in Cylindroiulus, 
Siphonophora and Dolistenus. 


ec. Facilitation of Spiralling and of ‘ Wedge’ Burrowing by the Musculature of Segments 
2-5 of Dolistenus 


Dolistenus contrasts with Cylindroiulus in the great bulk of its longitudinal muscles 
at the head end. The retractor ventralis increases in size from segment 5 forwards 
(text-figs 17 and 28a) being here larger than in any diplopod which has been examined 
(cf. Cylindroiulus, Polydesmus and Polymicrodon in text-figs 24-26). Involvens 
superus is normal in Dolistenus as far as segment 5, where it arises dorsally above 
and over the keel, the lateral edges of which are indicated by dark marks in text-fig. 
28c. In segments I-4 the muscle fans forwards to the anterior margin of the keel or 
collum, uniting with involvens medius, and providing a strong sheet of partly hori- 
zontal fibres which can pull the lateral part of the tergal arch forwards. The ventral 
oblique edge of flexor inferus longus (see segment 8 in text-fig. 28c) becomes more 
horizontal anteriorly, and the muscle fans out to a maximum on segment 2. These 
anterior modifications of flexor inferus longus, involvens superus and involvens medius 
and of the retractor ventralis all provide force used in telescoping one segment into 
the next during the ‘ wedge ’ burrowing movements, and they are the opposite of 
the spiralling modifications mentioned above. Retractor dorsalis does not fan out 
anteriorly in segments 1-4 as it might be expected to do, but space is limited and the 
pleuro-sternal muscles : A’ in segment 5, A or C in segments 4 and 3, and sternite 1 
muscle d in segment 2, need to reach the tergal cuticle (text-fig. 28c), which would 
ae : possible if the retractor dorsalis fanned out here as it does further back (text- 

oui). 

Dolistenus does not spiral tightly (PI. 1, fig. 37). However, muscular modifications 
exist at the head end which facilitate the movement to some extent. The enlarge- 
ment and elongation of the deep oblique muscles of Polymicrodon in the anterior 
segments (text-fig. 27) is seen again in principle in Dolistenus, but the muscles con- 
cerned are mainly the homologues of the pleuro-sternal muscles which are separately 
drawn in text-fig. 29. Muscle 4’ inserting dorsally in segment 5 (black), muscles A 
or C' inserting in segments 3 and 4 (longitudinal ruling) and sternite 1 muscles c, d 
and ¢ inserting on segment 2 are functionally equivalent to the black muscles in those 
segments of Polymicrodon, text-fig. 27, but only those from sternite 1 appear to be 
homologous. In addition, levator apophysis posticae and obliquus medius in segment 
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4 and levator apophysis posticae in segment 3 contribute to the spiralling effect of 
the pleuro-sternal and sternite 1 muscles, as does the muscle from sternite 2 to the 
cranium. The absence of an exact series of homologous muscles in segments 2-4 in 
Dolistenus may be associated in part with spatial difficulties due to the enormous 
size of the retractor ventralis muscle in this region which overlaps flexor inferus 
longus, etc., so that easy access to the tergite is hindered for many muscles. 

Thus the musculature of the anterior segments of Dolistenus appears to be more 
specialized and further removed from the basic serial form than in the other diplopods 
here investigated. The peculiarities are along lines of their own, they cannot be 
regarded as primitive, and presumably have been independently acquired. 


d. Facilitation of Spiralling by the Musculature of Segments 2-4 of Siphonophora and 
Siphonotus 


Since the pushing abilities of Siphonophora are less than those of Dolistenus, and 
since the anterior end of the body is markedly tapered and half cylindrical in section, 
extensive specializations of the anterior musculature serving flexure and burrowing, 
such as seen in Dolistenus, might not be expected and indeed are not found. The 
anterior musculature in external and in sagittal views is shown in text-fig. 30 and the 
deep oblique muscles are redrawn separately in text-fig. 31 using the same conventions 
as employed for Polymicrodon (text-fig. 27). 

Siphonophora shows in segments 2-4 the same basic form of involvens superus, 
flexor inferus longus, retractor inferus mesotergiti (= involvens medius, see p. 413) 
and flexor paratergalis, but external to the normal retractor dorsalis an obliquus 
dorsalis muscle is present in these segments only. The function of the latter probably 
concerns alignment between the tergites which are so wide and shallow. Elsewhere a 
retractor obliquus dorsalis has been found only in the Oniscomorpha where it lies 
internal to the retractor dorsalis and all along the body ; the obliquus dorsalis must 
assist alignment during the nodding movement since lateral flexibility is slight. The 
muscle has presumably been independently acquired in the two orders in association 
with the evolution in both of wide shallow tergites. 

In Siphonophora the deep muscles from the ventral skeleton are simpler than in 
any diplopod other than Siphonotus among those which have been examined. Levator 
apophysis posticae (black on text-fig. 31) has double origins on tergites 2 and 3, re- 
sembling the condition in Polymicrodon (text-fig. 27), but the modifications do not 
extend to segment 5. The duplicated muscles inserting ventrally on segment 2 pass 
to the tracheal pouch apodeme and to the posterior margin of the sternite, the latter 
insertion being similar to those of the following levator apophysis posticae muscles. 
Involvens inferior and levator apophysis anticae in segment 2 insert on the tracheal 
pouch apodeme (as does the deep involvens of Polymicrodon), and in segments 3 and 4 
on the posterior edge of the sternites. The muscles inserting on sternites 14 thus 
promote strong elevation of the sternites and nodding of the head, as needed in tight 
spiralling. There are no particular modifications serving horizontal spiralling, other 
than perhaps the presence of the retractor obliquus dorsalis. 

The most conspicuous achievement of Siphonotus is its rapid and frequent use of 
the ‘ spiral reflex’, a feature reflected in the deep oblique musculature (text-fig. 7) 
there being no other conspicuous divergencies from the basic type. 

In Siphonotus the absence of tracheal pouch apodemes even from sternite 2 leaves 
all the homologues of levator apophysis anticae and posticae inserting on to the 
sternite margins or the bulky arthrodial membranes of the neighbourhood. The 
antero-lateral position of these insertions, due to the absence of rigid sternite cuticle 
behind the leg bases, together with the long segments and the anterior sternite of 
diplosegment 5 lying below the anterior part of segment 4 (text-fig. 7), result in levator 
apophysis posticae in segments 3 and 4 being longer and more oblique than the cor- 
responding muscles of Siphonophora (text-fig. 31), and from tergite 2 the muscle is 
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very much larger than on typical trunk segments. It has been shown in Part 6 that 
extra length characterizes muscles giving large displacements, and Part 8 will show 
how the quickly moving chilopods possess much longer muscles and more of them 
than do most diplopods. The series of three levator apophysis posticae muscles 
traversing segments 2—4 and sternite 1 muscle d must give assistance to the retractor 
paratergalis and retractor ventralis muscles in rapid shortening of the ventral surface 
during spiralling. Levator apophysis anticae on segment 3, and to some extent also 
on segment 4, is large, with a wide dorsal origin spreading backwards to become 
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Stphonophora hartii (Pocock), the large numbers denote the anterior trunk segments. (a) External 
view of anterior trunk segments drawn as transparent objects to show the superficial muscles 
and the position of the head capsule sunk into the first trunk segment. (b) Internal view of 
para-sagittal part of anterior trunk segments, the cut passes lateral to the legs and through 
the lateral parts of the sternites, black spots denote arthrodial membrane, flexor inferus 
longus and involvens superus are indicated by white lines on black, the cut tergites, pleurites 


and sternites are ruled, sternite 4 showing a spiracle such as is present on sternite 3 
and backwards. 
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almost confluent with involvens inferior, and must give the necessary lift to the 
sternites on spiralling. The great size of muscles 6 and d from sternite 1 and the quite 
unusual position of flexor capitis externus (see p. 442) both promote strong nodding 
of the head, which is useful in rapid spiralling as well as in probing into the sub- 
stratum with the long proboscis (see p. 443). 


e. Musculature of the Collum Segment of Diplopods in Relation to Head Movement and 
the Walking Position, and Homologies of the Muscles 


All diplopods can tuck the head under the first trunk segment, and muscles in- 
serting on tergites 1 and 2 and sternite 1 serve this movement. The head needs to be 
firmly held in this position in head-on burrowers, and lateral flexures and twisting 
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The deep dorso-ventral and oblique muscles of the anterior segments of Siphonophora hart 
(Pocock) shown in text-fig. 306 are redrawn here with conventions, similar to those used on 
text-fig. 27, to show their probable homologies, the large numbers denote the components 
of each trunk segment and the small numbers | and 2 mark the anterior and posterior 
sternites respectively of a diplosegment. 


of the head are small or absent. The freedom of sternite 2 in Polydesmoidea, or 
sternites 2 and 3 in Iuliformia (text-figs 24, 25 and 32c), and the shortness of these 
sternites in most diplopods, allows close packing and space for the intucked head. 
On assuming the walking position with the head averted the ample arthrodial membrane 
between the anterior sternites allows them to become spaced out so distributing the 
legs evenly. Colobognathan head movements are considered in the next section. 

The muscles serving these requirements have a common basic plan, but show 
variations according to needs. Sternite 1 is often closely articulated with the head, 
as in Polydesmus, Brachycybe, Siphonophora and. Iuliformia (text-figs 5b, 24, 25 and 
32a and c). It is far removed from the head in Polymicrodon (text-fig. 26) and the 
musculature here appears to approach most nearly to a primitive condition. 

Tnvolvens from the ventro-lateral end of prophragma 2* forms a wide fan inserting 


4 ‘Prophragma 2’, ‘prophragma 3’, ‘tracheal pouch apodeme 2’, etc refer to the organs on trunk 
segments 2 or 3. The numbers do not mean the second or third prophragma or tracheal pouch 
apodeme counting from the anterior end of the series of these organs. 
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over much or the whole lateral face of the collum (text-figs 24, 256, 26, 28c, 30a and 
32c) and serves the nodding movement, pulling the lower part of tergite 2 forwards 
and upwards. 

Retractor capitis is usually the bulkiest muscle in the first segment, apart from 
involvens to the collum, and arises laterally from the posterior face of the post-occipital 
flange (text-fig. 32a), inserting over a wide area of the dorso-lateral surface of the 
collum in Spirobolus, Polydesmus and Cylindroiulus (text-figs 24, 25a, 32b and 330). 
In ‘ wedge’ burrowers, where the head does not transmit the full thrust, retractor 
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capitis is small, in Polymicrodon arising from the pseudoccipital process (R), from the . 
postero-dorsal edge of the cranium in Siphonophora, Polyzonium and Siphonotus and 
absent in Dolistenus. 

Muscles a—-e from the posterior lateral condyle of sternite 1 (text-figs. 25c, 26, 27, 
etc.) form a fan on either side which collectively controls the nodding movement of 
the head, and when sternite 1 is closely articulated with the cranium, these muscles 
directly pull on the head. 

Muscle a (depressor basilaris anticus of Silvestri) passes upwards and forwards 
to the dorso-lateral part of the post-occipital flange (text-figs 7, 24-26, 28, 32c and 
336). It is absent in Siphonophora where sternite 1 is so intimately connected with 
the cranium. 

Muscle 6 (depressor basilaris posticus, Silvestri) inserts dorsally on the collum. 
It may be large, as in Siphonotus, Polyzoniwm, Siphonophora, Dolistenus, Polydesmus 
and Cylindroiulus (text-figs 7, 24, 25a, 28a and 306), but is small in Spirobolus where 
retractor capitis is so large. In Siphonotus and Polyzonium muscle 6 arises postero- 
ventrally from the head. This muscle is probably homologous with the deep involvens 
muscles, see footnote, p. 446. 

Muscle c (a part forms depressor capitis anterior in Plusioporus, Silvestri) inserts 
dorsally on prophragma 2 (text-figs 24, 26, 29, 30, 33 and unlabelled on 28), it is 
probably homologous with levator apophysis posticae of a typical segment (text-figs 
27 and 31). It is very large in Siphonophora but absent in Siphonotus and Polyzonium, 
where the level of the lateral part of sternite 1 would render such a muscle very short, 
muscle d is large in compensation (see also p. 443). In Spirobolus muscle c is very large, 
there being no muscle d or e, and the anterior section of muscle c inserts on the 
cranium well away from sternite 1 as shown on text-fig. 336, forming an independent 
depressor capitis muscle as in Plusioporus. 

Muscle d (a part forms depressor capitis posterior in Plusioporus, Silvestri) inserts 
on the dorso-lateral part of tergite 2 (text-figs 7, 25a, 26, 28 and 306). It is absent 
in Spirobolus text-fig. 33b) and in Siphonotus and Polyzoniwm it arises from the 
postero-ventral cranial margin and not from sternite 1. Muscle d is probably homo- 
logous with the posterior section of levator apophysis posticae present on the anterior 
segments of Polymicrodon and Siphonophora (text-figs 27 and 31). 

Muscle e (levator basilaris, Silvestri) forms the most posterior of the fan of muscles 
from sternite 1, and inserts on the prophragma of tergite 3 in Polydesmus and Poly- 
microdon (text-figs 24-26) ; it is shorter in Dolistenus (text-fig. 29) and absent in 
Cylindroiulus, Siphonophora, Polyzonium and Siphonotus. This muscle has no clear 
homologue in a typical segment, but may well represent an additional sector of 
the levator apophysis homologue. 

Thus most or all of the dorso-ventral and oblique muscles from sternite 1, which 
are situated so as to swing this scute backwards and forwards serving the nodding 
movement, appear to be homologous with muscles of a typical segment, although 
sternite 1 lacks legs and tracheal pouch apodemes. The condition of muscle c in 
Spirobolus and of muslces b and d in Polyzoniwm and Siphonotus appears to represent 
a specialization towards more direct control of the head by sternite 1 muscles (see 
also next section) rather than the retention of a primitive feature. 

The retractor ventralis muscle, uniting successive tracheal pouch apodemes of the 
anterior segments, inserts on sternite 1 as shown in text-figs 7 and 25a and c. In 
Cylindroiulus a section of this muscle crosses over to insert on the posterior margin 
of sternite 1 on the opposite side. In Brachycybe, Polymicrodon and Polyxenus 
another section of the muscle continues forwards into the head to end on the tentorium 
and on the mandibular tendon also in the latter (text-figs 26, 28d, and 34). This 
forward extension to the head is found in Chilopoda, Symphyla, Dipleura, etc. and 
is presumably primitive. The termination of the retractor ventralis muscle on sternite 
1 in most diplopods is doubtless a specialization resulting from the close association 
of the head capsule with sternite 1 bringing muscles b-e directly into the service of 
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nodding the head, and may also be due in part to the independent mobility of the 
tentorium needed for mandibular movements (see a subsequent publication). 

The retractor dorsalis muscle in all colobognathan and eugnathan species here 
examined except Siphonotus and Polyzonium is divided into a wide horizontal sheet 
which inserts on to the reflected anterior margin of the collum near the middle line, 
here termed the retractor dorsalis of the collum,. because Silvestri’s name ‘ depressor 
coli’ seems unfortunate. A more lateral section of the retractor dorsalis muscle 
inserts on the post-occipital flange, or in Colobognatha on the hinder margin of the 
head capsule ; this muscle, Silvestri’s levator capitis superior, is always present. In 
Polyzonium the latter muscle possesses an additional sector coming from the pro- 
zonite-metazonite ridge of tergite 2. ; 

The functions and positions of the dorsal and ventral retractors do not differ 
much from those in typical segments, the levator capitis superior being formed by a 
longus component of the dorsal system. Such components are usually absent dorsally 
although they occur in the ventral series (see Polyxenus and Polymicrodon, p. 417). 

The flexor dorsalis muscles inserting on the collum have already been noted above. 
They, and the flexor capitis muscles (below), control the alignment of head, collum 
and tergite 2. ay 

One or two pairs of muscles, the flexor capitis described here, and flexor capitis 
internus and flexor capitis externus of Silvestri, pass backwards from the dorso-lateral 
part of the post-occipital flange or cranial margin to insert on the collum (text-figs 
24-26, 28 and 33b). Their function appears to be mainly that of assisting in holding 
the head firmly in most species. Sometimes their position may enable them to be 
antagonistic to the muscles causing nodding of the head, and then no great bulk of 
muscle is needed to levate the head by elongating the contracted muscles b-d, re- 
tractor ventralis etc., levator capitis superior contributing to the movement (text- 
fig. 26). In Cylindroiulus the homologue of the flexor capitis muscles is a single large 
sheet, which could depress the head as well as add stability (text-fig. 25a). 

In Siphonophora the position of flexor capitis externus differs from other species. 
The muscle arises laterally on the cranium far from the dorsal side, and passes up- 
wards and forwards (text-fig. 30a). It must nod the head, flexor capitis internus 
probably being antagonistic. In Siphonotus and Polyzonium a single flexor arises 
from the handle-like pseudoccipital process and passing forwards, inserts antero- 
dorsally on the extremely overhanging collum (text-fig. 7). Contraction of this 
muscle must effectively nod the head, sternite 1, muscle a, being the antagonist. 

Flexor inferus longus from the anterior border of the pleurite of segment 2 to the 
anterior part of the collum is present only when pleurites are free, Siphonotus, Poly- 
zonium. In Siphonophora the muscle leaves the pleurite-sternite 2 arthrodial mem- 
brane, and spreads on to sternite 2 also (text-fig. 30a). 

Further muscles within the collum segment are few. A long muscle from the lateral 
border of sternite 2 passes to the middle of the lateral face of the collum in Poly- 
microdon and. Spirobolus (text-figs 26, 27 and 32c) and may represent involvens in- 
ferior of segment 1. It is remarkable to find this similarity in animals so different in 
other respects, and may indicate a retention of a primitive feature. A shorter muscle 
from sternite 2 in Polymicrodon inserts on the antero-ventral edge of the collum. 

A muscle is usually present from sternite 2 which traverses segment 1 to insert 
either on the internal pseudoccipital process (R) or more dorsally on the post-occipital 
flange, although absent in Polydesmus (text-figs 7, 25a, 26, 28, 30, 32c and 33). It is 
particularly large in Siphonophora (see below), and perhaps represents a second 
flexor sternalis muscle (text-fig. 27) or it may have no homologue in a typical segment. 

Lastly in the spirobolid Ohirsastus two muscles leave an apodeme on prophragma 
2 above the origin of the involvens muscle (text-fig. 32c). One passes horizontally to 
insert on the intucked sclerotized edge of the collum and the other descends to the 
lateral apex of sternite 3. The homologies of these muscles are not clear and their 
function is to promote enrolment. 
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f. Facilitation of the Probing Movements of the Proboscis in Siphonophora, Siphonotus 
and Polyzonium by Musculature between the Head and Trunk Segments 1 and 2 


In the Colobognatha with siphon-like mouthparts, Siphonotus, Polyzonium and 
more markedly in Siphonophora, conspicuous skeleto-muscular features facilitate 
strong turning of the head both upwards and downwards, movements presumably 
connected with suctorial feeding. The head capsule is deeply sunk into the first 
segment in which it freely rocks under a large overhanging collum (cf. text-figs 7 and 
30a with 24, 25, 33, etc.). There is no typical post-occipital flange, but in Siphonotus 
and Polyzoniwm a long process corresponding with (R) projects backwards ending in 
a lever-like rod. The following features are here suggested to be specializations :— 

Siphonophora.—The close union of sternite 1 with the head capsule so that the 
muscles arising from the former directly pull on the head ; and the manner in which 
flexor capitis externus is modified to contribute to the nodding movement (p. 442). 

Siphonotus and Polyzonium.—tThe freedom of sternite ] from the head, where it 
forms a wide collar under the postero-ventral part of the head capsule within which 
the latter can turn, (sternite 2 performs this function in Siphonophora) ; the origin of 
the homologues of sternite 1 muscles 6 and d directly from the head capsule (p. 441), 
giving the same mechanical effect as in Siphonophora, but by different means, the 
common insertion of muscles b and d being directly antagonistic to the common 
insertion of levator capitis superior, retractor capitis and the sternite 2 to cranium 
muscles; the uniquely situated flexor capitis muscle, antagonistic to sternite 1 
muscle a, together with the lever-like apodeme (#) to which both are attached ; 
the additional sector of levator capitis superior in Polyzonium. Lastly, the bulki- 
ness of sternite 1 muscles 6 and d and of the sternite 2 to cranium muscle contrasts 
with the slighter muscles serving the nodding movements on segments 2-4 in these 
animals, and with the corresponding muscles of Polymicrodon, all of which effectively 
achieve a tight spiral. It is probable that the bulk of the above-mentioned colobog- 
nathan muscles is associated with providing strong and precise probing movements 
used in feeding. The proboscis (Pls. 2 and 3, figs. 42 and 51-55) is not movable on the 
head. 

The segments of Siphonophora are much shorter than those of Siphonotus and 
prophragma 2 is folded back into its segment (text-fig. 30a) in a manner not found 
in other diplopods which have been examined. This feature provides greater length 
for levator capitis superior, cémpensating for the anterior curtailment of this muscle 
due to the head capsule being sunk so far into the collum segment. 


13. SuMMARY AND ComMMENTS Upon THE SKELETO-MUSCULAR FEATURES 
or SeamMEnts 1-5 IN CoLOBOGNATHA AND OTHER DIPLOPODS 
WHICH SERVE Conspicuous HaBits 


Habits and body movements which appear to have directed the evolution of the 
anterior segments of diplopods are few :—head on pushing (p. 392 and Part 4), tele- 
scoping of segments in some ‘wedge’ burrowers (p. 394), dorso-ventral bending used 
in spiralling or tucking the head into a position suitable for forward pushing, and the 
precision and strength of the proboscis movements in some Colobognatha. 

The musculature of segment 1 shows an organization suited to the nature and 
strength of the movements of the head, collum and sternite 1 as recorded on living 
animals; and the muscles can be interpreted almost entirely (see p. 439) in terms of 
the normal complement of segmental muscles which is modified in accordance with 
the shape of the hard parts and the absence of tracheal pouch apodemes on sternite 1. 
Head musculature is very different (see a forthcoming account), and there is every 
reason to suppose that the collum segment belongs to the trunk and not to the head. 
Further, the freedom of sternite 1 from the collum is essential for the acute nodding 
movement of the head, a movement serving the two outstanding diplopod profi- 
ciencies, that of spiralling and of pushing (see Part 4). 
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On the anterior few trunk segments the effects of the above-mentioned habits 
appear to be superimposed upon a segmental series of muscles resembling those of 
the more posterior trunk segments. Of the seven species described here, the muscles 
of Polydesmus among diplopods with fused segmental skeleton, and of Polymicrodon 
among those with free sternites, show the greatest number of primitive features and 
serially repeated anterior muscles, even if functions are a little altered. The muscu- 
lature of the collum segment in the Colobognatha Dolistenus, Siphonophora and 
Stphonotus on the contrary appears to be furthest removed from the basic type, and 
muscles in segments 2-5 in Dolistenus are highly specialized. 

Anterior modifications of musculature facilitating spiralling are achieved by 
different means :—in Cylindroiulus by changes in the superficial oblique muscles 
(p. 429) in Pelymicrodon by modifications in the deep obliques (p. 436) and in 
Dolistenus by changes in the pleuro-sternals (p. 436). This variety contrasts with the 
basic uniformity shown by the more posterior trunk in diplopods (section 9 and text- 
fig. 35), and suggests that the ability to spiral may have evolved in parallel manner in 
the several orders after the general adoption of a burrowing habit had led to the 
evolution of diplosegments ; archi-diplopods may have learned to push first and to curl 
up later. The clearly parallel evolution of a retractor obliquus dorsalis (pp. 415 and 
437) in Siphonophora (Colobognatha) and Sphaerotherium (Oniscomorpha) accords 
with this suggestion. © 

The modifications facilitating spiralling in segments 2-5 of Stphonophora are of 
a similar nature but are less extensive than those of Polymicrodon. This may indicate 
a more primitive state in the former but is more likely to be associated with the 
strongly tapered anterior end and flat ventral surface in Siphonophora which make 
spiralling the easier. The tendency of some muscles from sternite 1 to transfer their 
ventral origin to the head capsule, a little differently in Spiroboloidea and some 
Colobognatha (p. 441), is associated with rather different needs in the two orders. 

The specializations of the muscles serving the head and proboscis movements of 
Colobognatha (p. 443), and the large collum with the head capsule sunk deeply under 
it, are not found outside this order. 

Skeletal features of the anterior segments which (2) hinder telescoping of uni- 
formly wide segments used in burrowing by head on pushing (Part 4, p 304), and 
others which (77) facilitate slight telescoping of segments of diminishing diameter to- 
wards the head by ‘wedge’ burrowers and particularly’ Colobognatha (p. 394), are at 
the present day diametrically opposed. Muscle modifications of Dolistenus involve 
the dorsal, lateral and ventral longitudinals, the superficial and deep obliques and 
the pleuro-sternals (pp. 428 and 436). The musculature of the anterior segments of 
Dolistenus is more specialized than that of any other diplopod which has been 
examined, and the animal is a stronger pusher, relative to its size, than animals in 
other orders whose abilities have been recorded. Such morphology and achievements 
cannot be regarded as primitive, and have presumably been derived from the more 
usual type of burrowing ability and morphology, the former as envisaged for evolving 
Diplopoda (Part 4, pp. 348 and 358) and the latter as shown by the basic form of 
diplopod musculature described here. 


14. Serra HoMOLOGIES IN THE ANTERIOR SEGMENTS OF SPIROBOLOIDEA 


The classical interpretation of the anterior segments of the Spiroboloidea, supported 
by Verhoeff (1932), Attems (1926), etc., suggests that sternite 5 carrying the fourth 
pair of legs is in reality the anterior sternite of Segment 5 (a normal diplosegment) 
which has become detached from its segment and united instead with the fourth 
and that sternite 4 carrying the third pair of legs has similarly shifted forwards, 
uniting with segment 3. Sternites 2 and 3 carrying the first and second pair of legs 
are free. Snodgrass (1952) put forward an entirely different interpretation, but ad- 
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vanced no reasons in support of his statements. The present investigation of muscu- 
lature entirely supports the conclusions of the older systematists. 

The head end of Spirobolus is shown in ventro-lateral view in text-fig. 33a with a 
sagittal view of the musculature in 33b. The former shows the relationships of the 
leg bases, sternites and their spiracles to the tergal arches ; legs 1 and 2 are free. 
Typical diplosegments in sagittal view are seen in segments 6 and 7; the ventral 
longitudinal muscle unites with a tendinous junction from each anterior tracheal 
pouch, and this junction also gives origin to a dorso-ventral tendinous strand which 
inserts high on the prophragma of the same segment and must represent levator 
apophysis anticae (see also text-fig. 20 showing a diplosegment further along the 
body). Levator apophysis posticae runs its normal course from the posterior tracheal 
pouch to the prophragma of the following tergo-pleural arch. 

If the series of :—tracheal pouch apodemes, levator apophysis posticae muscles, 
sections of retractor ventralis muscles, and the anterior dorso-ventral tendinous 
strands (representing levator apophysis anticae) be followed forwards from the typical 
diplosegments, the following points may be noted. The non-respiratory tracheal 
pouch on sternite 4 is small, lacking a spiracle and forms only an apodeme, while 
the tracheal pouch apodemes of sternites 3 and 2 are very long, the body at this 
level being but half as deep as it is at segment 6. The insertion of levator apophysis 
posticae 2 on the prophragma of segment 3 and the insertions of these muscles poste- 
riorly are uniform, as are the insertions of the anterior dorso-ventral tendon on the 
prophragma of segments 4 and backwards. Ventrally there are differences. The 
dorso-ventral tendon 5 from prophragma 5 swings forwards out of its own segment 
and into the fourth, and both tendon 4 and levator apophysis posticae 4, expected 
to be confined within segment 4, swing forwards into segment 3. These connections 
show clearly that anterior sternite 5 with its tracheal pouch and tendinous junction 
with the retractor ventralis have shifted to join segment 4, and that sternite 4 with its 
apodeme carrying both levator apophysis posticae 4 and dorso-ventral tendon 4, 
normally confined within segment 4, has shifted to join segment 3. 

As in Polymicrodon, the two segmental structures normally inserting on the two 
tracheal pouches of a diplosegment converge on to the one and only tracheal pouch 
apodeme of segment.4. Tracheal pouch apodemes of sternites 2 and 3 in Spirobolus 
each carry the levator apophysis posticae spanning segments 2 and 3 but the anterior 
dorso-ventral tendons are here absent. 

The extrinsic limb muscles normally inserting upon the corresponding tracheal 
pouch are mainly replaced by ‘ longus ’ muscles from legs 2 and 3 which pass forwards 
to insert on the preceding tracheal pouch apophysis, a condition present all along the 
body in Nematophora. 


15. INTERPRETATIONS AND HOMOLOGIES OF THE ANTERIOR SEGMENTS 
oF TYPICAL EUGNATHAN DIPLOPODA 


It was hoped that the most primitive musculature which could be found might throw 
light on the vexed question as to whether segments 2-4 are in reality single segments 
or whether they are diplosegments on which one sternite and leg pair have been 
suppressed. Segment 1, the collum segment, is generally regarded as a simple segment. 
Verhoeff considered segments 2 and 3 to be diplosegments, a conclusion supported by 
the embryological work on Platyrrhacus by Pflugfelder (1932), but Attems regarded 
them to be single segments. Brélemann (1935) supported Verhoeff in considering 
segment 4 to be a diplosegment, since Bigler (1913) drew attention to the * plato- 
sternite ’ of female Chordeumoidea, a plate which appears to represent an anterior 
legless sternite of segment 4. The advantages for spiralling which might result from 
a supposed suppression of some legs on anterior diplosegments have been noted in 
Part 4. Siefert (1960) finds evidence from the embryology of Polyxenus for the single 
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nature of segments 14, but his technique was inadequate and his interpretation of 
segment 1 is inconsistent with the animal’s anatomy (see p. 449). : 

The acknowledged plasticity of muscular systems suggests that great caution 
should be exercised in making deductions from them. It was, however, unexpected 
to find that the hundreds of diplopod muscles which have been investigated should 
fall almost completely into a unified scheme (text-fig. 35), and this layout of muscles 
to be recognizable in large measure in the anterior segments also (text-figs dy 215,295 
31 and 34). There are no long lists of muscles serving special purposes with no known 
homologies. Only two animals possess obliquus anticus and obliquus medius (p. 424), 
two muscles of uncertain homology in Spirobolus (p. 442) traverse the collum and 
second segment, a tergo-pleural muscle is present all along the trunk in Polyzonium, 
and further muscles are present in Polyxenus. 

The double nature of a typical diplosegment is undoubted and rests on the pre- 
sence of duplicated :—sternal units, limbs, ostia to the heart, segmental arteries, 
ganglia, nerves and embryonic mesodermal somites. The superficial oblique, and the 
dorsal, lateral and ventral longitudinal muscles do not reflect this duplicity and 
therefore do not help in an assessment of the composition of segments 2-4. The deep 
dorso-ventral and oblique muscles and the pleuro-sternals to free sternites show 
duplication, and it is useful to consider these series of muscles. Diplopods possessing 
entirely fused trunk skeleton show no separate muscles belonging to the anterior 
component of a diplosegment (see, however, Spirobolus pp. 419 and 445), and it is 
therefore impossible to determine from the muscles of such animals whether or not 
both segmental components are present on trunk segments 2-4. The condition of 
Polymicrodon appears to be the most primitive of the animals here examined, and is 
the most helpful, and the interpretation suggested below accords with the evidence 
provided by Siphonophora (p. 449). 

Text-fig. 27 indicates the suggested homologies of the deep dorso-ventral, oblique 
and sternal muscles of Polymicrodon. Muscles connected with the genitalia are omitted, 
although indicated to some extent on text-fig. 26. The tracheal pouch apodeme of 
segment 3 is long and much distorted and the leg of this segment in the female is 
displaced forwards under tergite 2 when the genitalia are everted, as in the figure. 
The normal complement of deep oblique and pleuro-sternal muscles of a diplosegment 
are seen in segments 5 and 6. In segments 2-4, the muscles are remarkably similar 
but levatores apophyses anticae and posticae and a deep involvens muscle® attach 
to the only available tracheal pouch instead of being distributed between two. 
Polydesmus (text-fig. 24) shows both levator apophysis anticae and posticae attached 
to the tracheal pouch apodeme of segment 2 and Spirobolus shows the same condition 
on the tracheal pouch apophysis of sternite 4, to which are attached both levator 
apophysis posticae and the dorso-ventral tendon representing levator apophysis 
anticae. Similarly the apparent homologues of flexor sternalis from both anterior and 
posterior sternites of Polymicrodon are both attached to the single sternite on segments 
2-4. The two longer of the pleuro-sternal muscles, A and B arising from the anterior 
sternite of a typical diplosegment (sternites marked 1 on text-fig. 27) are recognizable 
on segment 2-4 although muscle B or both muscles A and B arise from the tracheal 

° Whether the horizontally ruled muscles on segments 2-4 in text-fig. 27 of Polymicrodon 
represent involvens inferus, as suggested on p. 436, or whether they represent duplications of 
involvens inferior is open to question. In Siphonotus (text-fig. 7), where no involvens inferus 
muscles occur, the deep involvens of segment 2 is a typical involvens inferior pulling on the 
sternite of segment 3. In Siphonophora (text-fig. 31) this muscle inserts on to the tracheal pouch 
apodeme of sternite 2, as it does in Polymicrodon, yet the muscle in Siphonophora is surely homo- 
logous with that in Siphonotus. If involvens inferior and involvens inferus are part of the same 
muscle complex (p. 423) the identification of a single deep involvens muscle in an anterior segment 
as either inferus of inferior, or as a part thereof, has probably little real significance. Sternite 1 
muscle 6 is similar in all diplopods. It appears to represent a deep involvens muscle which is 
intra-segmental, as it is on segment 2 in Polymicrodon and Siphonophora. The involvens inferior 


to the posterior sternites of typical abdominal segments in Dolistenus and Sphaerotherium are also 
intra-segmental. 
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TEXxtT-FIG. 33 


Spirobolus sp. The large numbers mark the components of each trunk segment, and the legs are 
numbered serially (small type) from the first leg on segment 2. (a) Ventro-lateral view of 
the head and anterior trunk segments, the legs being cut short. Spiracles are shown in 
black. (b) Internal view of saggital half of the anterior segments, the small numbers follow- 
ing the designation of a muscle, tendon, or tracheal pouch, denote the trunk segment to 
which the structures belong.The sector of the retractor ventralis muscle between sternite 
1 and the tracheal pouch apodeme of sternite 2 is not labelled. 
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pouch apodemes as shown in text-fig. 27. The short pleuro-sternal muscles C and D 
from the posterior sternite of a typical diplosegment have not been identified on 
segments 2-4, “res 

The suggested homologies of the muscles on segments 2-4 may indicate that these 
segments are diplosegments which have each lost a sternite and leg pair. Involvens 
inferior, which normally arises from the anterior sternite of a diplosegment, does so 
from the sternites of segments 2 and 4 (there is no normal involvens inferior on seg- 
ment 3, possibly because of the bulk of genitalia and the difficulty of access to 
sternite 4). 

The alternative view, that segments 2-3 or 2-4 are single, implies that each 
segment has specially created certain muscles which normally appertain to a second 
pair of legs, sternites and tracheal pouches :—one levator apophysis muscle, one 
flexor sternalis and perhaps two pleuro-sternals, Such additions, if they have been 
made, exceed the modifications of muscles which have been found elsewhere on the 
trunk, and perhaps may be deemed improbable. That a levator apophysis anticae 
muscle should have ever been acquired by single segments 2-3 or 24 is unlikely in 
the face of the presence of a tendon representing this muscle in Spirobolus on segment 
4 as on the more posterior diplosegments (tendon 4, text-fig. 33b). This tendon is 
more likely to represent a relict of a once functional muscle, used before the sternites 
became fused to the tergo-pleural arch in Iuliformia, than an acquisition both by 
posterior diplo- and anterior single segments. 

Lastly, the musculature of segment 4 is similar to that of segments 2 and 3 both 
in Polymicrodon and in Siphonophora (text-figs 27 and 31). Such a similarity does not 
suggest that segments 2 and 3 differ in composition from segment 4 and gives no sup- 
port for the view that the former are single segments and the latter a diplosegment. 

The collum segment shows no clear evidence as to a single or a double nature, 
although its musculature is clearly a derivative of that of a typical trunk segment. 


16. Ser1at HomowoetEs or THE ANTERIOR SEGMENTS OF CoLOBOGNATHA 


Differences of opinion of longer standing than those appertaining to the anterior 
segments of Spiroboloidea concern the homologies of the legs and sternites of the 
Colobognatha. Brélemann (1935) considered that the fourth segment of Polyzonium 
exhibits a more primitive condition than even the females of the Chordeumoidea (see 
above, p. 445) in possessing two sternites and two pairs of legs, a conclusion accepted 
in Part 4. The present work, however, shows that the correlation between sternites 
and tergites in the Colobognatha does not really differ from those found elsewhere in 
the class. 

The difficulty in interpreting the anterior segmentation is seen most clearly in 
Dolistenus and Brachycybe. Text-fig 5a shows the boiled cuticle of Brachycybe, devoid 
of muscles and longitudinally extended a trifle more than in life. The legs are num- 
bered serially and the sternites are numbered according to the interpretation adopted 
here. Sternite 1 is closely associated with the head. Sternite 2 is intersegmental to 
the collum and the tergo-pleural arch of segment 2 and sternites 3 and 4 are similary 
situated with respect of tergo-pleural arches 2-4. The sternite of leg 4 is interseg- 
mental to the neighbouring tergo-pleural arches exactly as are sternites 1-3 and there 
is no more justification for regarding the sternite of leg 4 as not belonging to tergo- 
pleural arch 5 than there is for regarding the sternites of legs 1 and 2 as not belonging 
to tergo-pleural arches 2 and 3. The sternite of leg 5 is squarely opposite the middle 
of tergo-pleural arch 5. It is therefore reasonable to regard the sternites of legs 4 and 
5 as belonging to post-cephalic segment 5. The more posterior sternites are arranged 
as are those on segment 5, the anterior being intersegmental and the posterior level 
with the middle of a segment (see p. 398 and text-figs 17 and 18). This interpretation 
of the sternites and legs means that the anterior pair of gonopods are the second pair 
of limbs on the seventh segment, that the posterior pair of gonopods are the anterior 
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limbs of the eighth segment, and that the composition of segment 4 is the same as 
in other diplopod orders, thus supporting the interpretation of Attems (1926). 

The exaggeration in Dolistenus and Brachycybe of the normal small forward dis- 
placement of sternites relative to tergites is correlated with the provision of a maxi- 
mum number of muscles which can pull on the sternites approximately in the hori- 
zontal plane and which can serve the anterior and posterior sternites equally well 
(pp. 413 and 425). The forward displacement of sternites in Siphonophora, Siphonotus 
and. Polyzonium is less extreme, even less than it is in Polymicrodon (cf. text-fig. 13 
with 22 and Part 6, text-fig. 77). In Colobognatha, as in other orders, there maybe 
considerable forward displacement of sternites on the anterior segments, see the anterior 
sternite of segment 5, and the bases of legs 2 and 3, in Polymicrodon (text-fig. 26), 
and sternites 3 and 4, and the anterior sternite of segment 5, in Siphonotus (text-fig. 
7). Thus Colobognatha differ from the eugnathan orders only in the degree of forward 
displacement of sternites in some species ; the direction of the shift is the same, and 
the functional significance of the changes are known. 

In section 15 the problem of the double or single nature of segments 2-4 was 
considered, taking Polymicrodon as the most informative eugnathan species providing 
evidence based on muscle homologies. The usually accepted view as to the primitive- 
ness of the Colobognatha suggests that this group should give useful evidence, but a 
search for such evidence has been disappointing. Dolistenus (text-fig. 29) is far more 
specialized in its relevant anterior musculature than any other diplopod, and the 
basic pattern of muscles in segments 2-4, so clear in Polymicrodon text-fig. 27, is 
much changed and for recognizable functional reasons. In Polyzonium the mid-tergite 
origin of levator apophysis anticae and posticae muscles masks any distinction there 
might be between the two on segments 2-4, where a stout bundle of fibres descends 
to insert on the arthrodial membrane at the junctions of sternites 2-3, 3-4 and 4-5, 
much as do muscles ‘ d.s.a.’, the probable homologues, in Polyxenus (see p. 424). 

Siphonophora and Siphonotus are more informative and exhibit little divergence 
from the basic pattern of anterior muscles (text figs 7 and 31). Pleuro-sternal muscles 
are similar on every sternite and thus provide no evidence, but levator apophysis 
anticae, levator apophysis posticae and involvens inferior all insert on the edges of 
the single sternites of segments 4 and 3 and on to the apodeme of sternite 2 in 
Siphonophora just as they do on to the tracheal pouch apodemes of these three seg- 
ments in Polymicrodon. Thus again one must either suppose that loss of one sternite 
from each of segments 2-4 has resulted in concentrating the muscles on the remaining 
sternites, or that certain muscles have been specially created by an initially single 
segment. The former seems more likely and is supported by the condition of Spiro- 
bolus (text-fig. 33b, tendon 4, and pp. 419 and 445). 


17. SerRIAL HOMOLOGIES OF THE ANTERIOR SEGMENTS OF PSELAPHOGNATHA 


Tergite 1 and sternite 1—Various views have been expressed concerning the collum 
segment of the Pselaphognatha. All agree that the small collum represents the tergite 
of the first trunk segment. Attems (1926) states that ‘ Von den 4 Thorakalsegmenten 
ist das erste fusslos’ and that the sternite (his hypostoma) of the first segment is 
‘ wohlentwickelt ’. Silvestri (1903, fig. 86) draws the large first sternite (his Basilare) 
in Polyzxenus, and sternite 1 is shown in longitudinal section in P. lagurus here in 
text-fig. 34. aT: 
Sternite 1 in Polyxenus is closely associated with the gnathochilarium, as in many 
other diplopods (cf. text-figs 30, 32 and 34) and is not widely separated from the head. 
as in Polymicrodon (text-fig. 26). Sternite 1 muscles a, 6 and ¢ passing respectively to 
the postero-lateral internal face of the cranium of Polyxenus (there being no post- 
occipital flange), to the collum and to the anterior margin of tergite 2 are typically 
diplopodan, as is the sector of ventral longitudinal muscle from segment 2 which 
inserts on sternite 1, and also the fibres which leave sternite 1 and the tracheal pouch 
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and transverse tendon of segment 2 to insert on the tentorium (cf. text-figs 24, 26, 30, 
and 33 and p. 441). 

Dorsally the collum segment is traversed by the two small strands of retractor 
dorsalis (Part 5, text-fig. 2) which unite the anterior part of the collum with the 
anterior margin of tergite 2. A slender flexor capitis lies near the middle line ; and 
a more lateral muscle from a wide origin on the antero-lateral part of the collum 
(perhaps in part from the cranium also), inserts on anterior edge of tergite 2. No 
pleurite is present on segment | and thus the latter muscle probably corresponds with 
flexor inferus longus-retractor paratergalis, which in other segments inserts posteriorly 
on the hinder edge of the pleurite. The crossed deep flexor muscles of other segments 
labelled ‘ flexor externus dorsalis ’ and ‘ flexor internus dorsalis ’ may be represented 
by a small muscle which leaves the anterior edge of tergite 2 and passes into the 
cranium between the mandibular and tentorial muscles to insert on the connective 
tissue around these muscles and on to the posterior process of the tentorium. No 
retractor capitis has been found; this muscle is largest in those diplopods which 
push directly from the head end and spiral tightly (text-figs 25 and 33), it is also 
large in Polydesmus but it is small in most ‘ wedge’ pushers (text-figs 26 and 30) 
and absent in Dolistenus (text-fig. 28) which spirals loosely and is an accomplished 
wedge pusher. Thus there can be no doubt that the tergite and the sternite of the 
first trunk segment are correctly identified. 

Brélemann (1935) did not recognize sternite 1, saying that Polyxenus lagurus is 
‘sans gula’, doubtless because of the thinness of the cuticle. On the scale used in 
text-fig. 34 it is difficult to show the difference between arthrodial membrane and scute, 
but the contrasts are shown in Part 5, text-fig. 7 and arthrodial membrane exists 
both in front and behind sternite 1 although the former is very short. 

First leg pair.—Seifert (1960), without adequate consideration of comparative 
diplopod anatomy, states ‘Im Gegensatz zum Collum der Chilognathen und Pauro- 
poden bezitzt es ein wohlentwickeltes Beinpaar, was Manton (1956) nicht beachtet 
hat’, and he suggests that the Pselaphognatha are more primitive in this respect 
than all other Diplopoda. Seifert does not consider the implications of his belief in 
the first pair of legs belonging to the collum segment; if this were so the collum 
segment would possess two sternites, the normal legless one closely associated with 
the head and the following soft sternite associated with the first pair of legs ; further, 
the genital opening behind the second pair of legs must then lie on segment 2 and 
not on segment 3 as in all other diplopods. Neither the present work nor any other 
provides evidence in favour of the collum segment being a diplosegment in Polyxenus 
or that its genital opening differs in position from that of other diplopods. 

Part 5, text-figs 1, 2, 3, 5 and Pl. 5 and text-fig. 34 here show a careful record ot 
the positions of the legs of Polyzxenus in relation to tergites, sternites and pleurites. 
Attention was drawn to the forward displacement of the anterior legs of each diplo- 
segment which lie below the pleurites and tergite of the preceding segment. This is 
a very common phenomenon in diplopods, see above, p. 398, and a shift in the oppo- 
site direction has never been found. Leg 4‘ 1.4’, the anterior leg of trunk segment 5, 
lies below the third pleurite ‘ pl. 3’ which is borne on trunk segment 4. A similar 
put lesser displacement is shown by legs 1-3, leg 1 lying below the anterior margin 
of tergite 2 and below pleurite 1 which is borne on segment 2. This interpretation of 
leg homologies follows that of Attems and is confirmed by the following considerations. 

The transversely situated endoskeletal bars or tendons of Polyxenus, described. 
in Part 5, are shown in white on text-fig. 34. They are essentially intersegmental in 
position, and not far removed from the deep transverse fold of arthrodial membrane 
which separates successive soft divided sternites (Part 5, text-fig. 1). The sternite 
of each leg pair is divided into two triangular zones, the apices being close to the 
middle of each segmental component where the V-skeletal bar joins the cuticle (Part 
5, text-figs 1 and 2). The transverse tendons lie behind their corresponding ne 
The mandibular adductor tendon appears to be homologous with these trunk skeleta 
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tendons. The mandibular adductor tendon arises from the intersegmental ectoderm 
in the only arthropods in which its development has been followed (Manton, 1928, 
1934), a position occupied by the trunk tendons of Polyxenus. No transverse tendon 
lies behind the legless sternite of segment 1. 4 ‘ 

On segments 5-9 each transverse endoskeletal tendon is connected with the apices 
of the tracheal pouches from the preceding pair of coxae and bears the large retractor 
prefemoris muscles of the preceding limb pair (see also Part 5, text-figs 2 and 3). The 
lateral arm of each tendon bears the dorso-ventral muscle® d.s.a, which inserts on 
the tergite above, forming the major component of the groups X and Y which cor- 
respond with the anterior and posterior limbs of each diplosegment (text-fig. 34). 
Only one d.s.a. muscle inserts on tergites 2-4 and none on the collum. If leg 1 really 
belonged to the collum segment, as claimed by Seifert, the d.s.a. muscles from the 
tendon at the hinder limit of leg 1 should go to the collum and not to tergite 2. Prob- 
ably muscles d.s.a. of the X and Y groups represent levatores apophyses anticae and 
posticae of other diplopods. Muscles d.s.a. arise from the mid-tergite position in 
Polyxenus, mid-tergite insertions of levatores apophyses muscles are not frequent 
but are found in Dolistenus and Polyzonium, the details being a little different. 

The lateral part of the coxal Y-skeleton and the mid-lateral margin of each coxa 
give origin to dorso-ventral muscles® d.s.b. and d.s.c. respectively. As shown in Part 5 
these muscles pass forwards and upwards to join the preceding groups X or Y , those 
uniting with a Y group being intersegmental. A similar position is shown by involvens 
inferior to the anterior sternite of Colobognatha and Nematophora (text-fig. 35). The 
d.s.b. and d.s.c. muscles from the first three pairs of coxae similarly pass forwards, 
those from the first coxa (segment 2) to the collum, and those from the second and 
third coxae (segments 3 and 4) joining the d.s.a. muscles to insert respectively on 
tergites 2 and 3. The wide separation of muscles d.s.b. and d.s.c. from muscle d.s.a. 
on segment 3 is occasioned by the space occupied by the large gonoducts. Muscles 
d.s.b. and d.s.c. may be approximately homologous with the involvens inferior and 
the obliquus muscles of other diplopods (text-fig. 35). 

Thus the skeleto-musculature of Polyxenus substantiates the view that the 
first pair of legs belongs to trunk segment 2 as in other diplopods. Seifert’s evidence 
for the first pair of legs belonging to the collum Segment rests upon embryological 
work mainly employing Bouin fixation, a fixative well known to give most unsatis- 
factory results with yolky arthropodan embryos. The detailed work which has been 
accomplished on six species of Crustacea and Onychophora could not have been done 
at all with Bouin fixation (Manton, 1928, 1934, 1949). Seifert gives no clear illustra- 
tions in support of his claim, and his methods did not permit him even to differen- 
tiate between the development of mesoderm and of ectodermal transverse tendons 
forming at the intersegments. 

Thoracic segments—In Part 5 it was shown how the usual skeletal function of 
diplopodan sternites ig replaced in Polyzenus by sternite-like coxae and transverse 
endoskeletal tendons. The precise effects of these changes upon the muscles can now 
be appreciated after the present comparative functional survey of diplopodan 
musculature has been made (text-fig. 35). The basic plan of the muscles of Polyxenus 
is diplopodan, and the major modifications are related to the absence of habits of 
pushing and rolling up and to surefootedness. The series of superficial oblique 
muscles is replaced by one pair of deep crossed flexors, the dorsal longitudinal muscle 
is very small and the deep dorso-ventrals have of necessity altered their insertions 
with the acquisition of non-skeletal sternites (p. 424), and there are many pleural 


The description of the muscles of the thoracic segments given above and a com- 
parison of the text-fig. 34 with 25, 26, 28 and 30 show no essential difference in the 


° In Part 5 muscles d.s.a., d.s.b., and d.s.c. were designated ‘ dorso-sternals ” following Silvestri 


(1903) but they are probably homologous with the category ‘dorso-ventral’ used here for all 
diplopods, 
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dorsal and ventral elements of the anterior trunk segments of Chilognatha and 
Pselaphognatha, allowing for the alterations of muscle insertions just mentioned. 
Sternite 2 and its legs in Siphonophora can lie just below the collum and more forward 
than in Polyxenus and leg 1 in Cylindroiulus can lie below the collum (text-figs 25, 
30 and 34). Legs 4, 6, 8, 10 and 12 of Polyxenus lie no further forward than do those 
of Dolistenus or Brachycybe (text-figs 5, 17 and 28). 

Unlike some Nematophora and Colobognatha segments 2-4 show no trace of 
muscles corresponding with the deep dorso-ventrals of a second segmental unit within 
these trunk segments. Since the muscles of Polydesmus and some Iuliformia also 
show no evidence of a diplo-nature of trunk segments 3-4 and 2-4 respectively the 
similar condition in Polyxenus cannot necessarily be considered to be primitive. If these 
segments had each lost a leg pair, a sternite and a transverse tendon, a duplicated 
d.s.a. muscle would not be recognizable since the dorsal insertions on the tergite would 
be common. The distinction of muscles homologous with levatores apophyses anticae 
and. posticae which converge on to the one ventral insertion in Polymicrodon and 
Siphonophora (text-figs 27 and 31) is clear because these muscles arise from successive 
prophragmata and not from a mid-tergite position. In Polyzonium also the mid-tergite 
origin of the homologues of the levator apophysis muscles masks any duplication of 
these muscles on segments 2-4. If there is in fact no trace of duplication of muscles 
on segments 2-4 in Polyxenus there may well be no trace of corresponding somite 
differentiation in the embryo. Similarly the connections between the transverse 
tendons and the lateral tergite margins on trunk segments 2-4 cannot provide sure 
evidence for or against the diplo-nature of these segments. Each of these tendons is 
united to the tergite behind, by muscle p to the antero-ventral corner and. by muscle q 
to the mid-lateral edge, just as are the tendons of the posterior segmental units of 
typical diplosegments (see segments 5 and 6 on text-fig. 34). Each tendon of the 
anterior segmental unit of typical diplosegments is connected by muscle r to the 
mid-lateral edge of its own tergite. If muscles r and g became attached to the same 
tendon ventrally they might become confluent and indistinguishable. Thus the mus- 
culature of segments 24 in Polyxenus does not provide sound evidence supporting 
Seifert’s suggestion that these are primitively single. 

In Part 5 the scarcity of primitive and the abundance of specialized characters 
of Polyxenus was pointed out. The muscles of the collum segment of Polyxenus are 
small and simple, sternite 1 muscles } and c are not massive, as in Siphonophora, and 
the posterior series d and e shown by many diplopods is absent, as is retractor capitis 
(text-figs 25, 27, 31 and 33). This simplicity is related to the absence of the habits 
of pushing and of rolling up. Sufficient leverage for the nodding movement is provided 
by the sectors of retractor ventralis extending from the tendon of leg 3 forward to the 
first tracheal pouch near its spiracle and then on to the tentorium, probably aided 
by the long strand extending from the tendon of leg 2 to the anterior margin of the 
collum. 

One serially simple character of Polyxenus deserves mention. The first two pairs 
of tracheal pouches are respiratory, the first being larger than those following and 
carrying wide anteriorly and posteriorly directed tracheal trunks (text-fig. 34). The 
first two pairs of tracheal pouches usually form apodemes only in most diplopods, the 
first pair alone in Siphonophora, those following being respiratory. It seems justifiable 
to regard this even series of tracheal pouches in Polyxenus as primitive, even if their 
origin from the coxae is unique, but the uniform series of tracheal pouches from sternite 
3 and posteriorly with normal sternite origins in Siphonophora, Polyzonvum and. 
Siphonotus is even more primitive. 

Thus a fuller examination of Polyxenus confirms the view expressed. in Part 5 
concerning the highly specialized nature of the Pselaphognatha, and gives no support 
for the suggestion by Seifert that the group is more primitive than any other diplo- 
pod in several important respects. More primitive morphology can be found in certain 
Nematophora and Colobognatha (see next section). 
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18. PRIMITIVENESS OF THE COLOBOGNATHA 


The view that the Colobognatha represent the most primitive living order of diplo- 
pods has frequently been expressed (Verhoeff, Attems, Brélemann, etc.). It is based 
upon :—the gonopods being more leg-like than in other orders ; the presence of free 
pleurites, free trochanters and coxal sacs all along the trunk ; and Attems (1951) 
accepted the distribution of this order throughout the tropical regions of the world 
to indicate primitiveness. A study of Polyzoniwm, and of diplopods of other orders, 
in Part 4 led to the suggestion that the form of the intersegmental joints, the Jack of 
overlap of sternites and the lesser degree of sternite sliding in Polyzonium might be 
primitive (Part 4, pp. 324 and 357). The present fuller study of the Colobognatha 
leads to a revision of some of these conclusions. j 

The structural specializations of Colobognatha serving particular achievements 
are great (p. 428) and they are along lines of their own which do not lead towards the 
specialities of other orders. Intersegmental joints are not the primitive inefficient 
structures as at first sight supposed (Part 4), but specializations serving telescopic 
movements far in advance of those of Nematophora which show such movements to 
some extent. Wedge burrowing and ceiling living are associated in Dolistenus with 
structural features more specialized than those of any other chilognath diplopod 
(pp. 428 and 436). Sternites which overlap from behind forwards, as in Siphonophora, 
cannot be primitive ; neither can sternites so short antero-posteriorly as to provide 
only a firm anterior half-socket for the coxa, as in Siphonotus and Polyzonium. Both 
types of sternite serve special needs (pp. 398-401). The structural and physiological 
basis of the ability to live in drier conditions than do other diplopods, culminating 
perhaps in Siphonotus, has not been studied, but this ability is not suggestive of 
primitiveness, and probably it is not to be explained only by the presence of minute 
spiracles and of many coxal sacs capable of absorbing dew. Segment 4 does not carry 
more than one sternite and pair of legs ; the structure and musculature of this seg- 
ment is not in a more primitive condition than in other orders ; and the extreme 
forward displacement of sternites in the thoracic as well as the abdominal region in 
some species has a functional explanation. 

It is generally agreed that the colobognathan head is more specialized than are 
those of the Eugnatha. Ocelli are few in S: ‘phonotus and Polyzonium, and many genera 
are blind, presumably secondarily so. A trend of evolution towards suctorial feeding 
is shown in various degrees by the several superfamilies, and leads away from the 
type of head occurring throughout the Eugnatha. The large three-jointed mandible 
forming the cheeks of the Kugnatha (text-figs 2, 32c and 33a) is represented in 
Brachycybe (text-fig. 5b) by a mandible which laterally is almost covered by the 
gnathochilarium. The gnathal lobe and preoral cavity, so large in the Eugnatha 
(text-fig. 26), are small in Dolistenus (text-fig. 28). In Polyzonium and Siphonotus 
the head is also small, but elongated, and in Siphonophora a long proboscis is formed 
by the labrum and gnathochilarium enclosing the stylet-like mandibles (Pl. 3). 
Colobognatha lack a clypeal notch, a structure serving the eugnathan mandibular 
movements via the tentorium (see a future publication). 

Colobognatha also lack a complete post-occipital flange as do the Pselaphognatha, 
an apodeme situated in all Eugnatha internal to the arthrodial membrane uniting 
the head capsule and first trunk segment (text-figs 24, 25, 32a and ¢ and 336) and 
ending laterally as the internal pseudoccipital process (R). In the Colobognatha the 
arthrodial membrane from the head capsule arises dorsally from a simple posterior 
margin and the external and internal pseudoccipital processes thus lie close together, 
as in Brachycybe, or are ill-defined and confluent at the thickened cranial margin, 
as in Siphonophora, but in Siphonotus and Polyzonium process (R) is very large (text- 
figs 5a, 7, 28 and 30). These differences are largely associated with the use of the 
mandibles and the manner of pushing. The best developed post-occipital flanges and 
largest retractor capitis muscles occur in the iuliform head-on pushers. Retractor 
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capitis muscles are small or absent in Colobognatha, where the shape of the head, the 
collum and the prophragma of tergite 2 are all associated with peculiar feeding and. 
pushing habits. The absence of a retractor capitis muscle, a complete post-occipital 
flange or a clypeal notch cannot be regarded as primitive simplicity. The form and. 
the mode of action of flexor capitis in Siphonotus and Polyzonium is more specialized 
than in any other type of diplopod, and the direct origin of the homologues of sternite 
1 muscles 6 and d, from the cranium in these species represents an extreme deriva- 
tive of the tendency, shown by Spirobolus and others, for the transference of such 
muscles to the cranium. 

It is not certain whether the ability of Siphonophora to spiral tightly in a lateral 
plane, so permitting the animal to curl up on a ceiling, is fundamentally a specializa- 
tion or the persistence of primitive flexibility, in part due to the retention of an 
ancestral insertion of the ventral longitudinal muscles directly on to the interseg- 
ments. Such muscles in Pauropus attach to the cuticle intersegmentally (Tiegs, 1947) ; 
in the symphylan Hanseniella (Tiegs, 1940) these muscles attach anteriorly to the inter- 
segment and posteriorly to an apodeme in each segment. In Chilopoda (Part 8) the 
ventral longitudinal muscles are attached at either end to elaborate internal tendons 
which are anchored to the intersegments or entirely detached from the outer cuticle. 
The segmental insertions of the ventral longitudinal muscles in most diplopods on 
to tracheal pouch apodemes and in chilopods on to internal tendons are both suggest- 
ive of specialization from primitive insertions at the intersegment as seen in Pauro- 
poda, anteriorly in Symphyla and in the retractor ventralis externus of Siphonophora 
where the insertions are essentially intersegmental (text-figs 12c and 306). The intra- 
segmental attachments of retractor ventralis internus on to the sternite apodemes 
in Siphonophora, Siphonotus and Polyzonium, and on to tracheal pouch apodemes 
in most other diplopods, represent two different provisions serving the somewhat 
similar needs (i) for suitably placed apodemes carrying the extrinsic muscles of mid- 
ventral legs (a position serving the needs of burrowing), combined with (ii) the 
mechanical advantage of longitudinal muscles pulling on the same points. Thus it 
is probable that the intersegmental attachment of retractor ventralis externus in 
some Colobognatha is a primitive feature, retained perhaps because of the assistance 
it gives to lateral flexibility. 

Some primitive features can be found in Colobognatha. The sternite apodemes 
probably represent an elaboration of a primitive arthropodan type of muscle insertion, 
and the series extends the whole length of the body in Siphonotus and Polyzonium 
(p. 403), probably a more primitive condition than that of any other diplopod. Purely 
respiratory tracheal sacs in Siphonotus and Polyzonium are also likely to be primitive, 
and the series, extending from sternite 3 (p. 403) is longer than in other diplopod orders 
except for the Pselaphognatha where the series of skeletal and respiratory tracheal 
pouches extends posteriorly from the second segment (text-fig. 34 and p. 453). The 
origin of the tracheal pouches in Polyxenus from the coxal Y-skeleton, is, however, 
unique and not primitive. The condition of the tracheal pouches and sternite apodemes 
of Siphonophora, which appear to be intermediate between those of Siphonotus and 
typical Eugnatha (also Brachycybe) in the union between these two structures and the 
formation of one non-respiratory tracheal pouch apodeme on segment 2 (p. 403), 
suggests that Siphonotus and Polyzoniwm exhibits a more primitive condition of these 
structures than any other diplopod, and moreover may indicate the manner of evo- 
lution of the skeletal and respiratory tracheal pouches themselves, a diagnostic 
feature of Diplopoda found in no other class. 

The form of the body scutes in Chilopoda, Pauropoda and Symphyla suggests 
that a soft-bodied condition of early arthropods may have been followed by the 
formation of separated scutes, sometimes many of them, and that a spreading of the 
sclerotized areas to give a complete covering occurred later and led in many cases to 
fusion of scutes and a reduction in their number. Scutes are few and separate in 
Symphyla, many and separate in Scolopendromorpha, and fewer in the anamorphic 
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Chilopoda, a reduction associated with functional needs (Part 8). A complete covering 
occurs in diplopods and geophilomorph centipedes, and in correlation with habits. 
It may be that diplopods with the most completely fused segmental skeleton have 
been derived from diplopods with articulated scutes, and that a present-day retention 
of free sternites and free pleurites represents a primitive feature. The view of Attems 
concerning the primitiveness of free pleurites seems justified, but at the same time 
the half-cylindrical body shape, and the acute angle between tergite and pleurite 
always associated with modern free pleurites, is a specialization serving particular 
needs. The articulated pleurites of Permian Acantherpestes and Pleuroiulus (Fritch, 
1899) do not appear to contribute to a flat, ventral surface. Indeed the free pleurites 
of modern diplopods might be hard to detect in a fossilized state. It is possible that 
modern free pleurites are as specialized in their own way as are the fused tilted 
sternites of the Iuliformia (Part 4, text-fig. 3a). The latter refinement may have been 
lacking in the Permian species and in consequence some mobility permitted by the 
laterally situated pleurites of these fossils may have been useful. 

Primitive diplopod features are not restricted to the Colobognatha. They occur 
for example in:—the anterior musculature of Polymicrodon ; the retention by 
Spirobolus of the relicts of levator apophysis anticae, although no movement can be 
affected between the tracheal pouch and prophragma of the same segment ; the 
wide separation of sternite 1 from the head in many Nematophora ; and in the uni- 
formity and form and functioning of the mandibles and tentorium, which, although 
peculiar, do not show the great specializations found among some Colobognatha (see 
a future publication). 

The present study and Parts 4 and 6 show many examples of parallel solutions 
of similar problems by different diplopods and often by different means. Functionally 
similar but anatomically different median lobes from the sternites have been evolved 
in some Colobognatha and Nematophora (p. 401). Anterior dorso-ventral muscles 
useful in spiralling are derived from pleuro-sternal muscles in Dolistenus, from super- 
ficial and from deep obliques in Cylindroiulus and Polymicrodon respectively (pp. 429— 
437). Ventral musculature may use tracheal pouch or sternal apodemes (p. 417). 
Colobognathan solutions to their problems of living are not at a more primitive level 
than those of other orders except for the gonopods and possibly some muscle insertions 
in Siphonophora, and the solutions are often unique. There seems little ground for 
supposing that this order, or its immediate ancestors, could have been ancestral to 
other orders in face of so many lines of independent specialization within it. Lastly, 
geographical distribution, in so far as it is known, seems a weak support for supposed 
primitiveness in one order of so old a class. 

The Colobognatha contrast with all other orders in the wide range of structure 
found within it. The occurence of all degrees of fusion of scutes suggests that such 
variations are phylogenetically easily acquired, yet within other orders the arrange- 
ment of scutes is constant. WVerhoeff (1926) considered that the median elaborations 
of the anterior border of the colobognathan ‘ Knotensternite ’ distinguish it from the 
sternites of other orders. But it has been shown that either an internal sternite apo- 
deme or an external forwardly directed lobe, but not both, are present in the species 
described here, although Verhoeff describes both in Corcyrozonium. Diagnostic charac- 
ters of Colobognatha become more difficult to define. 

A study of functional anatomy over a wide field indicates the significance of many 
structural features both large and small, and without such knowledge phylogenetic 
speculations are liable to be erroneous. The structure of the various orders of diplo- 
pods, and of the class itself, have evolved along with the pursuance of certain habits 
(see also Parts 4 and 5). A further understanding of the Colobognatha shows them to 
be as advanced in some respects as any other order, to excel in ways of their own 
which do not lead towards those of other orders, and to be primitive in but few features. 

The ease with which habits, accomplishments and structures of evolutionary 
significance can be recognized varies greatly from species to species (as noted in Part 
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5, p. 183). It is usually difficult to pick out what is significant in one species alone 
without reference to others. Witnessing the flexibility of Siphonophora has suggested 
an explanation of the variable phase relationships between legs of a pair in animals 
as distant as a colobognathan, an onychophoran and a centipede. Easily appreciated 
movements and structures in one species of Colobognatha have prompted the recog- 
nition of similar but less obvious features in another. The initial study of Polyzonium, 
as a representative colobognathan was misleading because the needs and habits of 
this animal were not, and still are not, well comprehended. No suggestion is yet 
forthcoming as to the significance of the dorsal insertions of levatores apophyses 
anticae and posticae muscles in Polyzoniwm, which are grouped with involvens inferior 
in the middle of the tergite, as are their probable homologues in Polyxenus, instead 
of being inserted on the prophragma as in other diplopods (text-fig. 35). As yet the 
correlations between body form and the exact circumstances under which Diplopoda 
live are just beginning to be appreciated. The lines of investigation pursued here, 
and those started by Causey (1943) and Blower (1955, 1958) which seek to establish 
the exact nature of the soil and environmental conditions best suiting each species, 
should greatly advance our understanding of diplopod structure and evolution. 


19. Puastictry AND PHYLOGENY oF DirpLopop MuscLEs 


The plasticity of muscles is well recognized and abundantly illustrated by the above 
account. Yet it is perhaps surprising to find the same basic plan represented. in so 
many animals, even if changed in detail in meeting particular needs. It is unexpected 
to find such a scarcity of muscles presenting no obvious homologies (p. 446). Even the 
trunk muscles of Polyxenus, whose habits, capabilities and body wall differ so mar- 
kedly from chilognath diplopods, conform most clearly to the basic pattern (p. 452). 
This layout of muscles primarily serves slow strong movements, with wide sheets of 
muscles predominantly crossing but one joint. Different layouts of muscles charac- 
terize the Pauropoda, Symphyla and Chilopoda (Tiegs, 1940, 1947, Bekker, 1949 and. 
Part 8) where the greater speed of movement is served by more numerous slender 
muscles, many long bundles crossing more than one joint. A muscular system basically 
designed for speed can secondarily be modified for strong movements (Part 8) and 
vice versa (Lysiopetaloidea in Part 6), but such adaptations of diplopod muscles do 
not appear to be great enough to mask the older phylogenetic layout. However, the 
latter in the distant past must have been established in correlation with predominant 
habits. 

The survey given here of diplopod trunk musculature (excluding genitalia and the 
posterior legless segments) gives a more detailed picture of the muscles within the 
principal orders of a single class than is yet available within the Arthropoda. Since 
the plasticity of muscles in the Diplopoda does not mask the basic pattern, it may be 
useful to list the changes in muscle insertions which have been noted during this 
survey. The muscles of Polyxenus are not included below. 


Muscles which Change Their Attachments at One End 


Muscle b from sternite 1 in Siphonotus and Polyzonium (p. 441) 

Muscle c from sternite 1, in part in Spirobolus (p. 441) 

Muscle d from sternite 1, in Siphonotus and Polyzonium (p. 441) 

Involvens inferus in Polymicrodon (p. 423) 

Inwolvens superus varies its position of origin on the prophragma in Spiro- 
streptomorpha, Spiroboloidea and Nematophora (p. 408) 

Involvens medius in Sphaerotherium, Polyzonium and Siphonophora becomes 
retractor inferus mesotergiti (p. 413) 

Levator apophysis anticae in Siphonophora and Siphonotus (p. 421) 

Levator apophysis posticae in Siphonophora, Siphonotus, Dolistenus and 
Sphaerotherium (p. 420). 
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Involvens inferior in Sphaerotherium (p. 424) 
Pleurosternal muscle A in Dolistenus and Polyzonium (p. 425) 
Pleurosternal muscle B in Dolistenus (p. 425) 


Muscles which Change Their Attachments at Both Ends 
Levator apophysis anticae in Polyzonvum (p. 421) 
Levator apophysis posticae in Polyzonium (p. 421). 


Muscles which Divide Into Two Sections 


Retractor dorsalis into retractor dorsalis and retractor obliquus dorsalis in 
Siphonophora and Sphaerotherium (pp. 415 and 437 ) 

Levator apophysis posticae into two muscles in the anterior segments of 
Polymicrodon and Siphonophora (pp. 436 and 437) 

Levator capitis swperior in Polyzonium (p. 442) 

Flexor inferus longus-retractor paratergalis into flexor inferus longus and 
flexor paratergalis in Spirostreptomorpha, Oniscomorpha, Callipus, Poly- 
zonium, Siphonophora and. Siphonotus (p. 415) 


Examples of duplication of muscles in respect of size were recorded for Sphaero- 
thervum in Part 4. ; 
All the above changes are readily understandable in respect of function. 


20. SUMMARY 


1. A record is given of some habits and capabilities of species belonging to three 
of the four superfamilies of Colobognatha which appear to be associated with the 
morphological evolution of the order (p. 389). 

2. A method of ‘ wedge’ burrowing employed by Colobognatha culminates in 
the ability of Dolistenus to exert a pushing force relative to its size some three times 
greater than that of any other diplopod which has been recorded (p. 390). 

3. The six species of Colobognatha which have been obtained alive appear to be 
particularly resistant to desiccation, culminating in Siphonotus whose preference for 
dryness is remarkable while damp conditions are lethal to it (p. 386). 

4. Lateral flexibility is conspicuous in Siphonophora, permitting horizontal en- 
rolment on a ceiling (p. 389). 

5. In Siphonophora the phase relationship between legs of a pair is variable, as 
in Onychophora and Geophilomorpha. It is suggested that where legs are short and 
gaits are medium in pattern, the longitudinal co-ordination between successive legs 
on either side of the body is, for mechanical reasons, more important than the trans- 
verse co-ordination (p. 391). 

6. The morphological bases of 2 and 4 have been assessed as a result of a compara- 
tive survey of diplopod skeleto-musculature and achievements. 

7. A brief comparison is given of the three principal diplopodan burrowing tech- 
niques :—head-on pushing ; dorsal surface pushing ; and wedge pushing. Inte- 
mediates exist between the three extremes (p. 392). 

8. A Functional and comparative account of colobognathan skeleton is given 
which includes several types of sternite within the same order (p. 395). 

9. Siphonotus and Polyzonium possess purely respiratory thin-walled tracheal 
sacs, the trunk and limb muscles inserting on to the edges of the sternites and on to 
special ‘ sternite apodemes ’ not present in Dolistenus or in the Eugnatha (p. 401). 

10. Siphonophora shows a partial union between respiratory tracheal pouches 
and sternite apodemes. The condition of these series of structures in Siphonotus, 
Polyzonium, Siphonophora and in typical Eugnatha suggests a possible manner of 
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evolution of skeletal and respiratory tracheal pouch apodemes which are typical of 
the class Diplopoda (pp. 402 and 455). 

11. A functional and comparative survey is given of trunk musculature found in 
the principal diplopod orders. The muscles fall almost entirely into a common scheme, 
modified greatly according to needs in the various orders and species (p. 405 and 
text-fig. 35). 
ee ae structure, musculature and uses of colobognathan legs are described 

p. : 

13. The musculature of typical trunk segments in Dolistenus is more specialized 
than that of other diplopods which have been examined, and, with its skeletal features, 
accounts for the large pushing force exerted by this animal (p. 428). 

14. The ventral musculature of Polyzoniwm, Siphonophora and Siphonotus differs 

from that of all other diplopods in its insertions. Siphonophora shows intersegmental 
attachments of part of the ventral longitudinal muscles, such as found in Pauropoda 
and Symphyla (p. 455). 
_ 15. The musculature of the head end of the body of selected diplopods is described 
in relation to function and probable phylogeny. Specializations of muscles in the 
anterior few segments facilitating enrolment occur in somewhat similar manner, but 
from different sets of muscles in different animals :—from the superficial obliques in 
Cylindrovulus, from the deep obliques in Polymicrodon (p. 429), and from the pleuro- 
sternals in Dolistenus (p. 436). A retractor obliquus dorsalis appears to have been 
evolved independently in the Oniscomorpha and Siphonophora (pp. 415 and 437). This 
diversity suggests that the ability to spiral evolved in parallel manner within the 
Diplopoda, and after the ability to push strongly by diplosegments had been evolved 
(p. 444). 

16. The anterior muscular specializations facilitating wedge burrowing in Dolt- 
stenus are unique, and different specializations serve the needs of the probing proboscis 
in Siphonophora and Siphonotus (pp. 436 and 437). 

17. Muscles of the collum segment can be related to those of a typical trunk 
segment, but they are modified in relation to the absence of walking legs and to the 
various needs of the nodding movement in the several orders (p. 439). 

18. The presence of a typical legless sternite 1 on the collum segment of Polyxenus 
is confirmed (p. 449). 

19. New evidence concerning the serial homologies of the parts of the anterior 
trunk segments of a number of diplopods is presented. There is functional significance 
in the forward shift of sternites relative to tergites which occurs to various extents 
in different diplopods. No shift occurs in the opposite direction (pp. 398 and 448). 

20. The suggestion that the first leg pair of Polyxenus belongs to the collum seg- 
ment is shown to be without foundation, the anterior segmentation of this animal 
being similar to those of other diplopods. The scarcity of primitive diplopodan features 
in Polyxenus is further confirmed (pp. 451 and 453). 

21. The interpretation put forward by the older systematists concerning the 
anteriorly directed sternal shifts and fusions in segments 4 and 5 of the Spiroboloidea 
is substantiated, and the newer interpretation put forward by Snodgrass is shown to 
be without foundation (p. 444). > 

22. Evidence is presented which demonstrates that trunk segment 4 in the Colo- 
bognatha carries but one leg pair and does not differ in condition from that of other 
diplopods (p. 448). an 

23. Evidence from the muscles suggests that segments 2—4 are similar in compo- 
sition. Least assumptions are required for the supposition that these segments are 
diplosegments in which one sternite and leg pair have been lost. Deep oblique and 
pleuro-sternal muscles, characteristically serving two ventral units, are concentrated 
on to the single ventral unit of these segments in some diplopods (ee ey 

24. The supposed primitiveness of the Colobognatha is discussed in the light of 
the above findings. It is shown that in many respects the Colobognatha are struc- 
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turally and functionally as specialized as any other order, and in directions which do 
not lead towards the structure and capabilities of other diplopods. A few colobog- 
nathan features appear to be primitive, but some features of this order appear in a 
more primitive condition in eugnathan orders (p. 454). 

25. A wider range of form of body scutes, head and musculature exists among 
Colobognatha than in any other order of diplopods. Diagnostic features of Colobog- 
natha become fewer with advancing knowledge of colobognathan structure. 

26. Since this is the fullest comparative survey of the musculature of the major 
orders of any single class of arthropods, the changes undergone by muscles which 
have apparently shifted one or both insertions are listed (p. 457). The functional 
significance of these changes are known. 
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DESCRIPTION OF PLATES 


The brackets give the pattern of each gait, the numbers denoting the relative durations of 
the forward and backward strokes of the legs respectively. 


PLATE 1 


Fia. 36.—Dolistenus savii Fanzango, 34 mm., walking fast by gait (6-7 : 3-3) approx. 
Fic. 37.—D. savii, Fanzango, several specimens in a soil cavity. 
Fic. 38.—Brachycybe lecontet Wood, flexing the body strongly in the horizontal plane, the keels 


overlapping. 

Fie. 39.—B. lecontet Wood, 14 mm., walking on litter, two legs are visible where the keels are 
broken. 

Fic. 40.—B. leconter Wood, walking on litter over an irregular surface so displaying the flexibility 
of the body. 


Fie. 41.—Aphelidesmus divergens Chamberlin, 25 mm., walking. 


PLATE 2 


Fie. 42.—Siphonophora hartit (Pocock), 22 mm., probing the substratum with the proboscis. 

Fie. 43.—Part of the body of Dolistenus savii Fanzango, in lateral view, walking fast, the keels 
are foreshortened, gait (6-4: 3-6) approx. 9-10 legs per metachronal wave in which 3-4 
legs are in the propulsive phase. 

Fie. 44.—B. lecontet Wood, lateral view, walking fast by gait (7-0: 3-0) approx. 11-13 legs per 
metachronal wave. 

Fie. 45.—S. hariti (Pocock), enrolled. 

Fie. 46.—S. harti (Pocock), starting to unroll. 

Fie. 47.—S. hartii (Pocock), resting in acute horizontal flexures. 

Fie. 48.—S. hartii (Pocock), enrolled. 

Fie. 49.—Siphonotus purpureus Pocock, enrolled. 

Fic. 50.—S. purpureus Pocock, 8 mm., walking, viewed from below through glass. 


PLATE 3 


Fie. 51.—Siphonophora portoricensis Brandt, 24 mm., walking. 

Fig. 52.—S. hartii (Pocock), walking, ventral view through glass, 

Fie. 53.—S. hartit (Pocock), dorsal view, walking, discharge from left stink glands is visible. 
Fia. 54.—S. hartit (Pocock), walking, ventral view through glass. 

Fie. 55.—S. hartii (Pocock), resting with the antennae round the proboscis, ventral view. 
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THE POLYCHAET FAUNA OF SOUTH AFRICA. PART6. SEDENTARY 
SPECIES DREDGED OFF CAPE COASTS WITH A FEW NEW RE- 
CORDS FROM THE SHORE. By J. H. Day, F.L.S., Professor of Zoology, 
University of Cape Town. 
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INTRODUCTION. 


While part 5 (Day, 1960) described the errant species obtained by dredging and 
diving around the Cape coasts, the present paper deals with the sedentary species. 
However more dredging has been done since part 5 went to press so that the list of 
stations is even longer. At the same time it is convenient to include a few new 
records for South Africa made by shore collecting. 

This series, started in 1951 (Day, 1951) is now nearing its end. It has dealt with 
the Polychaeta collected on shores and estuaries of Mocambique, Natal and the Cape 
and now the shelf fauna obtained by dredging off the Cape down to about 200 metres 
has been described. There remains the shelf fauna off the Natal coasts, but Natal 
is a long way from our base in Cape Town and it will be some time before sufficient 
material has been accumulated to make a publication worth while. In the mean- 
time a monograph with brief descriptions and keys to all the species known from 
South Africa has been drafted and revised several times as new species appear and 
old ones become better known. For this reason no keys will be included in this 

aper. 

: The species described and recorded here have been accumulated since 1947, and 
I am indebted to many organisations for material. The Director of the South 
African Division of Fisheries sent me specimens dredged by the research vessels 
‘ Africana IL’ and ‘Palinurus’. Messrs. Irvin and Johnston kindly provided 
facilities on board their commercial trawlers and Dr. Nafe of the Lamont Geological 
Observatory allowed me to do some dredging on board the ‘Vema’ while on a 
cruise between Cape Town and Durban. It is now my pleasant duty to thank the 
persons concerned. None the less the bulk of the collecting was done by the Univer- 
sity of Cape Town with the financial backing of the South African Council of Scientific 
and Industrial Research. In the early days the C.S.I.R. paid the salary of my 
assistant, and more recently it has financed a research unit in the Department of 
Oceanography which has carried on the work. I am particularly grateful to the 
many students and members of staff who went dredging with me at first in motor 
fishing boats and later in the University’s own research vessel the ‘ John D. Gilchrist ’. 
The localities where the dredging was done will be found in the stations lists ; it 
will be seen that some 490 stations were worked and that these extend over 1500 
miles of coastline. It may be noted in passing that the ‘Cape of Storms’ often 
lives up to its name. I would like to thank in particular Dr. John Croil Morgans 
who did valuable work diving in False Bay, and Mr. Peter Zoutendyk who is the 
scientific officer on board the ‘ John D. Gilchrist ’. 

Apart from new material, I have attempted to review as many of the earlier 
collections as possible to check doubtful species. Unfortunately many specimens 
have been lost and the collections are scattered in museums all over the world. 
I wish to thank the Directors of the British Museum, the Scottish National Museum, 
the Swedish State Museum, the Hamburg Museum, the Berlin Museum and the US. 
National Museum for sending me specimens for examination. I also wish to thank 
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Mr. Norman Tebble of the Annelid Section of the British Museum for his friendly 
assistance whenever I visited the British Museum and worked on the collections 
housed there. 

Earlier records of sedentary polychaets dredged off the coasts of South and 
South West Africa will be found in Augener (1918 and 1931), Banse (1957), Day 
(1934), Ehlers (1908 and 1913), Kirkegaard (1959), McIntosh (1885, 1904 and 1925), 
Monro (1930 and 1936), Pixell (1913) and Tebble (1953). Altogether these earlier 
workers recorded 85 species of sedentary polychaets from dredgings on the shelf 
between Walvis Bay in South West Africa and Port St. Johns on the border of N atal. 
The present paper records or describes 166. Of these 62 were known from previous 
dredgings, 43 were known only from the shore or estuaries, 20 are new records for 
South Africa, 8 are doubtful species and 35 are new species or varieties. Possibly 
this may seem to be a large number of species to describe as new, but it should be 
remembered that roughly a third of the whole South African marine fauna is endemic 
and that material from some 490 stations has been examined. It is certain that 
many new species still await description. The total number of sedentary polychaets 
known from below tide marks in South and South West Africa is 189. As mentioned 
above, 166 are recorded here and for the convenience of other workers the other 
names which occur in the literature and are not known to be synonyms are listed 
below. 


AUTHORITY 
FAMILy SPECIES FOR RECORD 
Orbiniidae Scoloplos madagascariensis Fauv. Kirkegaard, 1959. 
Paraonidae Aricidea branchiatus (Ehl.) Ehlers, 1908. 
Aricidea fauveli Hartman Kirkegaard, 1959. 
Paraonis sp. Augener, 1931. 
Spionidae Boccardia polybranchia (Hasw.) Augener, 1918. 
Opheliidae Travisia concinna {Kbg.) Kanberg in 
Hartman, 1948. 
Maldanidae Amtothella jarli Kirk. Kirkegaard, 1959. 
Euclymene oerstedit (Clap.) Kirkegaard, 1959. 
Johnstonia clymenoides Quatref. Kirkegaard, 1959. 
Petaloproctus terricola Quatref. Augener, 1918. 
Praxillella capensis (McIntosh) McIntosh, 1885. 
Sabellariidae Lygdamis murata v. gilchristi (McI.) McIntosh, 1925. 
Sabellaria eupomatoides Aug. Kirkegaard, 1959 
Pectinariidae Pectinaria koreni Malm. Kirkegaard, 1959. 
Ampharetidae Ampharete kerguelensis Mcl. Kirkegaard, 1959. 
: Melinna cristata (Sars) Kirkegaard, 1959. 
Terebellidae Amaeana accraensis (Aug.) Kirkegaard, 1959. 
Lanice conchilega (Pal.)—tubes Kirkegaard, 1959. 
Pista cristata (Mull.) Kirkegaard, 1959. 
Pista fasciata Gr. Ehlers, 1908. 
? Pista grubei Aug. Augener, 1931. 
Polycirrus swakopianus Aug. Augener, 1918. 
Sabellidae Huchone rosea Langh. Kirkegaard, 1959. 


During the course of this work I have re-examined many type specimens, particu- 


larly those of McIntosh (1885) and Augener 
that the names should be changed. These 


ORIGINAL NAME 


Orbinia dubia Day, 1955. 
Aricidea assimilis Tebble, 1959. 
Prionospio capensis MclI., 1885. 
Ranzania capensis MclI., 1885. 
Dodecaceria afra Aug., 1918. 
Humenia reticulata MclI., 1885. 
Sabellaria fucicola Aug., 1918. 


Pectinaria pseudokoreni Day, 1955. 


Nicolea quadrilobata Aug., 1918. 
Oridia capensis Monro, 1937a. 


(1918). In several cases I have suggested 
Suggestions are listed below. 


SUGGESTED NEW NAME 


Scolaricia dubia (Day). 
Aricidea fauveli Hartman. 

? P. malmgreni var. dubia Day. 
Ranzanides capensis (McI.). 

? Caulleriella capensis (Monro). 
Hyboscolex sp. 

S. spinulosa var. fucicola, Aug. 
P. neapolitana Clap. 

Pista quadrilobata (Aug.). 
Fabricia capensis (Monro). 
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Apart from the description of new genera and species two more important tasks 
have been attempted. I have to thank Dr. Olga Hartman for the suggestion that 
in the family Flabelligeridae the structure of the buccal apparatus would provide 
useful characters. Dissection proved this to be true, and it would appear that the 
various genera may be clearly distinguished in this way, particularly Pherusa (olim 
Stylarvoides) and Piromis, Diplocirrus and Brada. Figures are given of South African 
species of these genera. The Ampharetidae are also in need of revision and although 
a full revision has not been attempted here, notes have been made on the segmentation 
of the anterior end which, it is hoped, will be useful in such a task. 

It will be noted that no attempt has been made to summarize the distribution 
of the various species either within the limits of the area covered or elsewhere. This 
is deliberate. All the marine collections that have been made whether on the shore 
or in estuaries or on the shelf have had as their prime objective a study of distribution 
patterns in the sea. This taxonomic studies of which this series on the Polychaeta 
is merely a small part, are incidental to the main purpose. When sufficient transects 
from the shore to the edge of the shelf have been completed, an analysis of distribution 
will be attempted. Meanwhile the actual records speak for themselves. 

The types described in this paper will be deposited in the South African Museum, 
Cape Town. 


Station Lists. 


It is regretted that the full collection data could not be given below each species 
but space does not permit. The full data has been summarized in the station lists 
and under each species will be found a station number with the number of specimens 
in brackets. Thus the first species in the systematic section is Naineris laevigata 
and the first record for this species is SB.246 (2). This means that 2 specimens were 
found at station SB.246 and reference to the station lists will show that SB stands 
for Saldanha Bay and that station 246 was a dredging at 33° 04-1’ S/17° 59-7’ E in 
8-12 metres on a bottom of khaki coloured sand. Full details of all other records 
can be obtained in the same way. The sequence of stations is from Lambert’s Bay 
(LAM) on the Atlantic coast around Cape Agulhas to Algoa Bay (LIZ) and the 
Eastern Province although some of the Africana (AFR) and Trawler (TRA) stations 
are scattered between South West Africa and the borders of Natal. The number of 
specimens from a particular station was not always counted accurately but the 
species merely recorded as abundant (a), common (c), fairly common (fc), locally 
common (Ic) or merely present (py). Numbers or these letters are shown, in brackets, 
against the relevant dredging station. ; 

Unless otherwise stated the collections were made with a 30-inch rock dredge. 
Grab samples were obtained with a 0-1 m? Van Veen grab heavily weighted to ensure 


penetration. 


Station Data. 


Lamprert’s Bay Dreperne (LAM) 


No. Date Position Depth Bottom 
(Metres) 

LAM. 1 16.1.57 32.04.38/18.18.2E 15 S. 
LAM. 4 do. do. do. do. 
LAM. 5 ieleon 32.04.58/18.18 E 17 Sh. R. 
LAM. 6 ine lira 32.04.7S8/18.18.5 E 9 S.R. 
LAM. 8 18.1.57 32.05 8/18.17.9E 23 S: Sh. R. 
LAM.10 eo! 32.04.78/18.17.7E 23 S. Sh. 
LAM.11 18.1.57 32.05 8/18.17.7 EH 29 S. Sh. 
LAM.13 19.1.57 32.04 8/18.18.1 18 R. 
LAM.15 18.1.57 32.05 8/18.17.7E iy S. Sh. R 
LAM.16 17.1.57 32.04.8 S/18.18.2 E 11 Ss. 
LAM.17 TYP sleet Sieh 32.05.38/18.17.4E 23 Ss. 
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Lambert’s Bay Dredging (LAM) (contd.) 


No. Date Position Depth Bottom 
(Metres) 

LAM.18 18.1.57 32.04.8 §/18.17.8E 17 R. 
LAM.19 do. do. do. do. 
LAM.22 17.1.7 32.07.5 S/18.17.6 E 20 S. R. 
LAM.23 17.1.57 32.04.19/18.18.6 E 15 8. Sh. 
LAM.24 16.1.57 32.04.68/18.18.2E 17 R. 
LAM.25 17.1.57 32.04.28/18.18.4 EB 8 S. Sh. R. 
LAM.26 18.1.57 32.04.9§/18.17.5 B 27 8. Sh. R. 
LAM.27 16.1.57 32.04.18/18.18.4 E 16 R. 
LAM.31 19.1.57 32.05.198/18.17.7 E 20 R. 
LAM.33 19.1.57 32.05.28/18.17.5 E Plankton sample. 
LAM.35 19.1.57 32.05.58/18.17.7E 27-5 Sh. R. 
LAM.38 19.1.57 32.05.4§/18.17.7 E 27 8. Sh. 
LAM.39 19.1.57 32.05.48/18.17.6E 30 S. Sh. 
LAM.40 19.1.57 32.05.5 8/18.17.6E 28 S. Sh. 
LAM.41 21.1.57 32.05 $/18.17.7 B 20 8. Sh. 
LAM.43 21.1.87 32.04.9 S/18.18.2 EB 13-5 S. RB. 
LAM.44 21.1.57 32.04.78/18.17.6E 20 R. 
LAM.45 21.1.57 32.05 $/18.18.2 E 8 S. R. 
LAM.47 21.1.57 32.04.4 8/18.17.7E 23 Re. 
LAM.48 22.1.57 32.04 8/18.17.9 E 27 S. Sh. 
LAM.49 21.1.57 32.04.88/18.18.1E 10 8. R. 
LAM.51 23.1.57 32.08.58/18.17.7E 16:5 S. R. 
LAM.52 21.1.57 32.04.78/18.18.2E 17 S. 
LAM.54 23.1.57 32.09 §/18.17.8 E 19 R. 
LAM.55 22.1.57 32.04.28/18.17.7E 27 S.Sh.  * 
LAM.56 23.1.57 32.11 8/18.18.1E 18-5 S. 
LAM.57 23.1.57 32.10 8/18.18.1E 25 S. R. 
LAM.59 23.1.57 32.09 $/18.18 B 16 S. R. 
LAM.60 23.1.7 32.02 8/18.18 E 27-5 £8. 
LAM.61 23.1.57 32.12 §/18.17.9 EF 28-5 S. Sh. R. 
LAM.63 23.1.57 32.01.58/18.18 E 25 Sh. R. 
LAM.64 23.1.57 32.01.58/18.17.8E 29 S. 
LAM.66 19.1.57 32.05.58/18.17.7E 27-5 Sh. R. 
Satpanua Bay Dreperne (SB) 

SB.113 13.7.46 33.00.7 8/17.59.8E 10 s. 
SB.114 do. 33.00.48/17.57.5E 5 Ss. 
SB.115 do. do. do. do. 
SB.116 do. 33.00.18/17.59.2E 7 S. 
SB.117 do. 33.00.38/17.58.5E 7 8. R. 
SB.118 14.7.46 33.01.5S/17.58 E 9 S. Sh.R 
SB.119 do. 33.02.88/18.01.2E 13 R. 
SB.120 do. 33.03.48/18.01.8E 9 S. 
SB.121 do. 33.05 8/18.01.4E 7 Sh. 
$B.122 do. 33.04.98/18.00.4E 5 8. R. 
SB.125 9.4.53 33.01.48/17.57.7E ll S. 
SB.127 do. 33.04.68/17.59.8E 5-5 SR: 
SB.129 do. 33.04.5S/18.00 E 6-5 do. 
SB.130 do. 33.04.6S/18.00.6E 6 de 
SB.132 26.3.53 33.048/17.59.3E 8-5 do 
SB.135 6.5.54 33.03 8/17.58.6E 22 8. 
SB.136 do. 33.03 S/18.00.5E 14-5 do. 
SB.143 28.4.47 33.05.19/18.01.2 5 6 S. Alg. 
SB.144 do. 33.05.38/18.01 B 5-5 s. 
SB.145 do. 33.04.88/18.00.5 EB 7 8. Alg 
SB.173 2.5.58 33.05.1S8/18.01.5E a SRG. 
SB.175 27.4.59 33.02.88/18.00.6E 15 Sh. kh. S. R 
SB.177 do. 33.03 8/18.00.9E do. do. 
SB.179 28.4.59 33.03.68/18.00.4E do. 8. Sh. R 
SB.180 do. 33.03.5 S/17.58.5 5 25:5 pl. M. 
SB.181 do. 33.01.68/17.59.38 13 Sh. § 
SB.183 29.4 .59 33.02.58/17.58.7E do. co. §. Sh 
SB.184 29.4.59 33.01.58/17.58 8E do. kh. 8. 
8B.189 30.4.59 33.01.18/18.00.3 EB 9-5 do. 
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Satpanua Bay Dreperne (SB) (contd.) 


No. Date. Position Depth Bottom 
(Metres) 

SB.193 30.4.59 33.00.78/17.58.4 B 8 kh. 8 
SB.195 1.5.59 33.03.58/17.59.2 E 20 R.S 
SB.197 do. 33.04.48/17.56.4E 35 R. 
SB.199 do. 33.01.78/18.01.4E 9 kh. S. 
SB.202 2.5.59 33.03.5 8/17.57.5 H 31 do. 
SB.203 do. 33.05.58/17.55.5 H 56:5 kh. M. 
SB.205 do. 33.03.68/17.56.4 E 40 kh. M. Sh 
SB.207 do. 33.02.58/17.57.5 H 27-5 8. Sh. 
SB.208 do. 33.01.98/17.56.3 E 15 kh. 8. Sh 
SB.210 1.5.60 33.03.58/18.01.5 E 9 f. gr. 8. (grab). 
SB.211 do. do. do. do. (grab). 
SB.212 do. do. do. do. (dredge). 
SB.214 do. 33.02.6 8/17.56.6 E 25 gr. S. Sh. (grab) 
SB.216 do. do. do do. (dredge) 
SB.219 do. 33.04.48/17.57.6 E 30 f. kh. S. M. (grab) 
SB.220 do. do. do. do. (dredge). 
SB.222 2.5.60 33.00.5 S/17.57.5 B 5 kh. S. M. St. (grab) 
SB.223 do. do. do. do. (dredge). 
SB.224 "= do. do. do. do. (dredge). 
SB.226 3.5.60 33.02.28/18.14E 10 f. kh. S. (grab). 
SB.228 do. do. do. do. (drdege). 
SB.229 4.5.60 33.00.6 S/17.59.6E 9 kh. S. R. (grab). 
SB.231 do. do. do. do. (dredge). 
SB.232 do. 33.04.18/17.59.7 E 8-12 kh. S. (grab). 
SB.235 do. do. do. do. (dredge). 
SB.236 do. 33.04.88/17.58.4 E 10 S. (grab). 
SB.237 do. do. do. S. (dredge). 
SB.238 5.5.60 33.00.7S/18.00.4 E 9 kh. 8. (grab). 
SB.239 do. do. do. do. (grab). 
SB.240 do. do. do. do. (dredge). 
SB.242 do. 33.03.6 S/17.55.5 E 45 kh. S. (grab) 
SB.243 do. do. do. do. (grab). 
SB.245 do. : do. do. do. (dredge). 
SB.246 4.5.60 33.04.18/17.59.7E 8-12 kh. S. (dredge) 
LANGEBAAN LaGoon Drepeaine (LB) 
LB.155 15.7.46 33.07.18/18.02.4E 2 fase 
LB.158 do. 33.09 S/18.04.2E 4 do. 
LB.159 do. 33.10 S/18.04.8E 4-5 f. S. M. 
LB.160 do. 33.06.48/18.01.9E 8 S. Sh. 
LB.161 16.7.46 33.05.6$/18.00.8 E 5 Sh. R. 
LB.169 24.4.49 33.10.5S/18.03.8 E 2 16 Si 
LB.190 do. 33.11.38/18.05.5H 0-2 f.S.M 
LB.191 do. do. do. do. 
LB.239 2.5.51 33.07 8/18.02.7 E 2 1 fh 
LB.299 5.5.51 33.06.8S8/18.01 E 2-5 S. Sh. 
LB.300 do. 33.07.6S/18.02.3 E 3 8. 
LB.323 do. 33.06.8S/18.01 E 2-5 S. Sh. 
LB.363 do. 33.07.1S8/18.02.7E 4 8. 
LB.364 do. 33.05.98/18.01.7 E 5 8. Sh. 
LB.380 7.5.53 33.06.38/18.01 E 4:5 do. 
LB.382 do. 33.05.58/18.01.6 E 12-5 do. 
LB.391 8.5.53 33.07.98/18.02.1 E 2:5 Si. 
LB.456 2.5.55 33.07.78/18.02.4 E 4 S. Sh. 
LB.472 6.5.55 33.07.48/18.02.5 EB 3°5 do. 
LB.496 3.5.56 33.05.78/18.01 E 5 Gr. R 
LB.499 3.5.56 33.06 S/18.01 E 4 8. 
Dreporne BY S.A. Fisneries Research VESSEL Africana II (AFR) 
AFR.689 ? 32.36.68/16.44 E 391 gn. M. 
AFR.691 8.5.47 32.38 S/16.52 EH 347 Cl. S. 
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Dredging by S.A. Fisheries Research Vessel (Africana) II (AFR) (contd,) 


No. Date Position Depth 
(Metres) 
AFR.707 26.5.47 31.40 8/16.55 BE 287 
AFR.718 19.6.47 32.09 §/18.06 E 108 
AFR.723-5-7 10.8.47 31.3058/17.00 E 366 
AFR.728 15.8.47 31.148/16.36 E 272 
AFR.730 do. 31.30 8/16.03 E 459 
AFR.736 17.8.47 30.42 8/15.59 B 201 
AFR.761 10.9.47 30.13 S/15.18 E 260 
AFR.773 14.9.47 28.52 8/14.50 E 194 
AFR.775 15.9.47 29.168/14.48 E 238 
AFR.783 24.9.47 32.43 8/17.31 E 222 
AFR.789 28.9.47 33.05 $/17.27 E 408 
AFR.790 28.9.47 33.12 8/17.40 E 229 
AFR.791 4.10.47 32.418/17.18 EB 274 
AFR.801 7.10.47 32.348/17.52 E 71 
AFR.830 19.11.47 32.12 8/18.42 E 315 
AFR.831 do. 35.15 S$/18.39 E 547 
AFR.835 20.11.47 735.09 S/19.02 E 188 
AFR.842 25.11.47 34.35 8/19.18 E 31-38 
AFR.882 10.2.48 34.39 8/18.42 E 168 
AFR.935 12.3.48 34.23.88/18.41.1E 88 
AFR.945 19.3.48 36.25 S/21.08 E Ua 
AFR.950 20.3.48 36.44 §/21.18 EB 210 
AFR.957 22.3.48 35.13 8/21.19 E 111 
AFR.967 23.3.48 35.07 $/20.49 E 91 
AFR.994 19.4.48 34.35 $/21.26 E 68 
AFR.995 do. 34.29 §/21.26E 64 
AFR.1224 15.10.48 26.348/15.04E 55 
AFR.1319 10.11.48 26.01.48/14.35.2E 183 
AFR.1335 13.11.48 25.51 8/14.51 EB 60 
AFR.1529 4.6.49 32.40 8/17.43 E 150 
AFR.1532 do. 33.12 8/17.58 E UG 
AFR.1535 9.7.49 29.09 8/16.45 E 84 
AFR.1544 23.7.49 29.178 /16.42 E a, 
AFR.1545 do. 29.09 8/16.37 E 119 
AFR.1554 28.7.49 32.05 S$/18.17E 35 
AFR.1576 9.9.49 32.28 8/18.06 E 66 
AFR.1578 do. 32.308/17.49 158 
AFR.1579 do. 32.25 8/17.42 E 117 
AFR.1581 10.9.49 32.22 8/17.59 E 122 


MatTeRrAL From ComMERcIAL TRAWLERS (TRA) 


aS 


Boe ne 


a fe 9 1a on 


TRA. 20 5.5.46 33.48 8/17.35 EB 311 
TRA. 21 4.9.46 34.25 8/18.10 EB 301 
TRA. 25 8.4.48 34.30 8/20.54 EB 66 
TRA. 27 21.7.48 34.48 S/20.20 E 67 
TRA. 30 9.11.47 34.49 §/20.21 8 86 
TRA. 33 20.7.49 34.55 §/21.10 BE 90 
TRA. 36 21.1.50 34.35 8/20.50 EB 73 
TRA. 40 —.7.50 34.30 8/20.57 B do. 
TRA. 41 26.7.51 34.318/20.50 BE 66 
TRA. 43 26.7.51 29.49 8/31.48 B 770 
TRA. 46 24.9.52 31.25 8/16.20 EB 366 
TRA. 48 do. 31.15 8/16.00 B 415 
TRA. 52 do. 32.12 8/16.38 B 394 
TRA. 54 28.11.52 34.40 8/21.35 EB ue 
TRA. 55 do. do. do. 
TRA. 56 do. do. do. 
TRA. 58 26.11.52 34.28 §/21.45 B 70 
TRA. 62 25.11.52 34.30 8/21.15 8 62 
TRA. 63 28.11.52 34.26 S/21.50 B 64 
TRA. 68 6.2.53 32.24 8/18.07 B 69 
TRA. 69 do. (plankton) 32.45 8/18.00 E 15 
TRA. 70 do. 32.29 8/18.02 BE 27 
TRA. 71 5.2.53 32.05 8/18.14 8 66 
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Material from Commercial Trawlers (TRA) (contd,) 


No. Date 
TRA. 73 ayer. ye} 
TRA. 74 5.2.53 
TRA. 75 do. 
TRA. 77 6.2.53 
TRA. 80 42,58 
TRA. 84 13.11.51 
TRA. 85. 22).3.03 
TRA. 86 23.0200 
TRA. 88 do. 
TRA. 89 do. 
TRA. 91 15.7.53 
TRA. 93 —.1.54 
TRA. 94 do 
TRA.102 —.3.56 
TRA.104 6.8.56 
TRA.106 do. 
TRA.107 7.8.56 
TRA.108 6.8.56 
TRA.110 8.9.56 
TRA.112 do. 
TRA.113 do. 
TRA.114 do. 
TRA.115 29.11.56 
TRA.116 do. 
TRA.121 PAA sy) 
TRA.122 do. 
TRA.123 do. 
TRA.127 2322-00 
TRA.132 = 2601 
TRA.133 do. 
TRA.135 23e2e Ou 
TRA.143 OAT Sy 
TRA.151 (Op alouss: 
TRA.152 do. 


West Coast Dreperne (WCD) 


WCD. 3 25.2.59 
WCD. 5 do. 
WCD. 8 24.3.59 
WCD.13 do. 
WCD.15 24.4.59 
WCD.19 29.4.59 
WCD.21 30.4.59 
WCD.23 1.5.59 
WCD.26 do. 
WCD.28 2.5.59 
WCD.30 15.12.59 
WCD.34 do. 
WCD.37 2.5.60 
WCD.38 do. 
WCD.39 do. 
WCD.41 do. 
WCD.42 3.5.60 
WCD.43 do. 
WCD.46 do 
WCD.47 do. 
WCD.49 do. 
WCD.50 5.5.60 
WCD.51 do. 
WCD.53 13.7.60 
WCD.55 


32. 
32. 


Position 


06 8/16.37 E 
05 8/17.52 B 
do. 


.41 §/18.03 EB 
.23 8/17.48 E 
.37 8/18.17 E 
.448/18.02 E 
.48 8/17.58 E 
.448/18.00 E 
.45 8/18.03 E 
.51 §/25.50 EB 
.03 $/21.50 E 


do. 


.25 §/21.30 EB 
.318/19.21E 
.33.$/19.19E 
10 §/18.48 EB 


(surface plankton) 


.33.S/19.19 EB 
.19 $/18.32 B 
.19 $/18.33 E 
.19 §/18.32 E 
.19 $/18.33 E 
15 §$/18.43 E 
.118/18.39 E 
.12$/18.44 E 
.13.5 §/18.45 E 
.12 §$/18.45 E 
.19 $/18.30 E 
.20 $/18.30 E 


do. 


.19 $/18.30 E 
.18 §/18.31 E 
.51 8/19.55 E 


do. 


.09.8 S/18.16.5 E 
.09 $/18.14.8 E 

.09.35 S/18.17.5E 
.09.4.S/18.16. 
.04.3 S/17.54. 


S/17.54. 
/17.55. 
53. 
55. 
56. 
eid 
.20. 
54. 


RANRNRNANR 

a a, 

Se ee 

Wm OWI 

OCOnw ERAT AH 
lesfesfeofcohe> es hesfescsic>| 


Q 
S) 


06.5 $/17.56.7 E 
06.4 $/17.52.6E 


.06.88/17.57.1E 
05.5 8/17.53.5E 


do 


.118/18.13 E 
(04.6 8/18.18 E 


do. 


Depth 
(Metres) 


311 
123 
do. 
27 
143 
6 
18 
9 
ll 
9 
46 
110 
do. 
55 
22 
Si 
29 


469 


Bottom 


do. 
Phyllochaetopterus tubes 
8. Sh. R. 


R. (dredge). 


do. (dredge). 
kh. 8. (grab). 
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West Coast Dredging (WCD) (conid.) 

No. Date Position Depth Bottom 

(Metres) 

WCD.59 21.9.60. 32.04.78/18.12 E 95 gn. M. (grab) 
WCD.60 do. do. do. do. (dredge) 
WCD.61 do. 32.05 S/18.06 E 110 gn. M. (grab) 
WCD.63 do. do. do. do. (dredge) 
WCD.64 do. 32.05 8/17.56 E 130 gn. M. (grab) 
WCD.66 do. 32.05 S/18.14E 83 ? (dredge). 
WCD.68 22.9.60 32.44 8/18.01 E 11 bl. M. (grab). 
WCD.70 do. 32.41.28/18.01 E 27 kh. M. (grab) 
WCD.71 do. 33.06.58/17.49 E 88 R. (dredge) 
WCD.72 do. 33.08 8/17.51 E 97 ? (dredge) 
WCD.73 8.10.60 34.25 S/17.36 E 1240 kh. M. (grab) 
WCD.74 do. do. do. do. (grab) 
WCD.79 do. 34.17 8/17.53 E 320 bl. gn. S. M. (grab) 
WCD.80 5.5.60 33.05.5 S/17.53.5 E 77 gn. M. (grab) 
TaBLEe Bay Drepeina (TB) 
TB.301 4.8.46 33.49.58/18.27.5E 12-8 8. Sh. R 
TB.302 11.2.47 33.48.38/18.24 B 11 S. St. 
TB.303 do. 33.47.58/18.24.3 E 19-5 8. Sh. St 
TB.304 do. 33.48 8/18.24.3 E 16 Sh. Gr 
TB.305 26.6.47 33.52.78/18.29.7E 9 8. St. 
TB.306 3.7.47 33.50.18/18.27.8E 17 Sh. R. 
TB.307 do. 33.50.38/18.28 EB 15:5 R. Sh. 
TB.308 do. 33.51.28/18.27.3 E 23 S. R. 
TB.309 do. 33.52.78/18.26.8 E 20°5 R. 
TB.310 25.11.48 33.48 S/18.21 E 16-5 8. 
TB.312 15.9.49 34.05 8/18.21E ll do. 
TB.313 25.10.46 33.52 §/18.28 E 17 8. Sh. 
TB.314 15.12.57 33.48.6S/18.24.6 E 15 Sh. St. 
TB.315-333 do. do. do. do. 


Sures. Huts anD EXPERIMENTAL PLates SUBMERGED IN TABLE Bay Docxs (SH) 


Code No. 


SH. 69 
flake Wil 
SH. 74 
SH.134 
SH.168 
SH.204 
SH.277 
SH.324 
SH.366 
SH.376 
SH.393 
SH.400 
SH.415 
SH.427 
SH.428 
SH.430 


Date 


12.11.46 
17.4.46 


Remarks 


Norfolk from India and east coast of Africa. 
Natal—from India and east coast of Africa, 
Windward—local wooden yacht 9 months in water. 
Empire Liddell—lcal ship 1 month in water, 
Experimental plate submerged for 120 days. 
Experimental plate submerged for 175 days. 
Experimental plate submerged for 275 days. 

Barge working in Table Bay. 

Wooden Teredo trap submerged for ? days. 
Experimental plate submerged for 96 days. 

Wooden frame submerged for 94 days. 
Experimental plate submerged for 7 months 2 days. 
Wooden frame submerged for over 1 year. 
Experimental barge 14 months in water. 

Scraping from submerged caisson. 

Leeukop—tlocal wooden trawler. 834 months in water. 


SHorE CoLLECTIONS ON THE CaPE PENINSULA (CP) 


CP. 14 
CP.374 
CP.381 


CP.382 
CP.409 
CP.412 
CP.421 
CP.446 
CP.447 


Seaforth L.W.S Among Halianthella. 
Strandfontein L.W.N In algal mat. 
Simonstown L.W.S Sandy beach. 

(Admiralty House) 

do. do. do. 

Oatland Point Low tide Bifurcaria mat. 
Froggy Pond L.W.S Cochlear zone. 
Oatland Point 2 Beacon rocks. 
Dalebrook Mid-tide Among barnacles. 
Mouillé Point 2 Rocks. 
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Shore Collections on the Cape Peninsula (CP) (contd.) 


No. Date Position Depth Bottom 
(Metres) 
CP.450 1.10.55 Mouillé Point Sandy pool. 
CP.471 9.6.56 Chapmans Peak ? On Hymeniacedon. 
CP.477 17.6.56 Fish Hoek ? 
CP.488 6.8.56 Hout Bay ? 
CP.604 9.5.40 Cape of Good Hope ? Rocky shore. 


Fatse Bay Drepare (FB) 


FB.301 8.7.46 34.08 $/18.27 E 22 S. Pyura. 
FB.302 8.9.46 34.08.58/18.26.5 E 8 8. 
FB.305 12.11.46 34.08 8/18.27 E 12 8. Sh. 
FB.306 24.11.46 34.09.38/18.27.7E 22 8. Sh. Alg. 
FB.307 22.2.47 34.07.58/18.31E 27:5 R. 
FB.308 do. 34.08 8/18.31.5 EH do. f. S. Sh. 
FB.309 do. 34.07.5 §/18.29.3 EB 19-5 8. Sh. 
FB.310 21.4.47 34.08 8/18.32 E 27-5 8. 
FB.311 28.4.47 34.10 8/18.27.8 E 24 8. lithoth. 
FB.312 do. 34.09.58/18.27 EH 17 do. 
FB.313 18.6.47 34.08 8/18.29 E 25 8. Sh. 
FB.314 8.9.46 34.09 S/18.27.7. E 14 8. Pyura 
¥FB.316 29.4.48 34.09 $/18.28 E 23 8. 
FB.317 do. 34.09.5 §/18.28.3 E 22 do 
FB.318 do. 34.10.28/18.27E 27 do 
FB.319 do. 34.09.28/18.26.8 E 22 do. 
FB.320 26.9.48 34.08 8/18.29.6E 18 8. Sh. 
FB.321 do. 34.08 8/18.31 E 24 do. 
FB.322 do. 34.07 8/18.29 E 19 R. 8. Sh 
FB.323 30.1.47 34.10 8/18.29.5EH 30 ue Se 
FB.324 do. 34.09 8/18.29.5EH 25 8. Sh. 
FB.325 9.3.50 34.08.58/18.27E 14 8. Pyura. 
FB.326 5.4.50 34.08.98/18.27.4E 15 do. 
FB.327 27.8.51 34.09.68/18.26.6 E 17 R. 

_ FB.328 do. 34:09.8 §/18.26.1E ao 8. 
¥B.329 do. 34.10.2 8/18.26.2 E 14 8. Sh. 
FB.330 do. 34.10.18/18.26.1 E 9 8. 
¥FB.331 do. 34.10S/18.26.1E 10 R. 8. 
FB.332 do. 34.09.38/18.26.4E 11 do. 
FB.333 20.9.50 Off St. James 16-4 8. R. 
FB.334 26.9.48 34.07.5 8/18.29 E 22 8. Sh. 


Faust Bay Drepeine (FAL) 


FAL. 5 22,.2.52 34.09.5 S/ 18.35E 35 S. Sh. 
FAL. 8 do. 34.08.38/18.35.3 E 24 ive 
FAL. 15 5.3.52 S.E. Oatland Pt. 8-9 R. 8. 
FAL. 16 do. do. do. do. 
FAL. 17 do. do. do. do. 
FAL. 21 do. 34.13 S/18.28 E (plankton) VIE 12 S. Sh. 
FAL. 22 do. do. do do 
FAL. 23 do. do. do. do. 
FAL. 26 do. 34.13 S/18.29 E 15-21 S. Sh. R. 
FAL. 27 do. do. do. do. 
FAL. 29 do. 34.13 S/18.29 E 28 S. Sh. 
FAL. 30 do. 34.12 S/18.29 E 33-36 Sh. 
FAL. 31 do. do. do. do. 
FAL. 34 18.6.52 34.05 S/18.44 E i S. R. 
FAL. 43 25.6.52 34.09.6S/18.49.2 E 21:5 do. 
FAL. 44 do. do. do. do. 
FAL... 50 do. 34.09.3 S/18.49.6 E 18 R. 8. 
FAL. 51 do. do. do. do. 
FAL. 56 do. 34.09.49/18.50.8 E 8 Be 
FAL. 57 do. do. do. do. 


FAL. 58 do. 34.09.48/18.50.4 E 12 8. R. 


472 J. H. DAY: 
False Bay Dredging (FAL) (cond.) 

No. Date Position 
FAL. 63 29.7.52 34.17.58/18.49.2 E 
FAL. 65 do. 34.17.38/18.48.7 E 
FAL. 69 do. 34.17.28/18.49.4 HB 
FAL. 70 do do. 

FAL. 80 do 34.16.58/18.49.5 
FAL. 81 do do. 

FAL. 82 do do. 

FAL. 95 17.9.52 34.10.68/18.47.3 E 
FAL.103 22.2,.52 34.08.38/18.35.3 E 
FAL.104 25.6.52 34.09.48/18.50.4 E 
FAL.105 HaBInay4 34.13 8/18.29 E 
FAL.106 ioe 52 34.10.68/18.47.3 E 
FAL.107 Pp, 1) (83 34.09.48/18.51.7E 
FAL.110 do 34.09.38/18.51 E 
FAL.111 Poll atop Windmill Beach (diving) 
FAL.113 do do. 
FAL.114 do do. 
FAL.117 12.2.53 Simons Bay 
FAL.122 17.2.53 Glencairn (diving) 
FAL.126 do do. 
FAL.127 do do. 
FAL.128 do do. 
FAL.131 26.2.53 Oatland Pt. (diving) 
FAL.132 27 2.53 do. 
FAL.134 do do. 
FAL.136 do do. 
FAL.137 4.3.53 Gordons Bay Quay (diving) 
FAL.144 9.3.53 Oatland Pt. (diving) 
FAL.145 do do. 
FAL.149 1253.03 do. 
FAL.152 do do. 
FAL.155 21.4.53 do. 
FAL.156 do do. 
FAL.159 do do. 
FAL.161 23.5.53 Oatland Pt. (diving) 
FAL.162 do do. 
FAL.164 do do. 
FAL.166 10.6.53 do. 
FAL.171 do do. 
FAL.174 do do. 
FAL.178 9.8.53 do. 
FAL.182 8.9.53 do. 
FAL.184 11.9.53 34.22.158/18.35.2 EB 
FAL.185 do do. 
FAL.187 10.9.53 34.12.88/18.36.5 E 
FAL.204 9.9.53 34.07.18/18.35.6E 
FAL.205 10.9.53 34.17.6S8/18.39.2E 
FAL.206 do do. 
FAL.207 do 34.09.98/18.42.4 5 
FAL.209 do 34.06.8S/18.40.3 E 
FAL.211 9.9.53 34.07.18/18.35.6 BE 
FAL.214 10.9.53 34.12.48/18.43.5 B 
FAL.216 do do. 
FAL.219 9.9.53 34.07 S$/18.32.5 EB 
FAL.223 do 34.13.98/18.31.6 EB 
FAL.225 do do. 
FAL.226 do 34.10.58/18.32.4 5 
FAL.228 do 34.20.38/18.31.8E 
FAL.229 do do. 
FAL.231 do 34.17.48/18.31.4B 
FAL.233 10.9.53 34.15.38/18.44.8 EB 
FAL.235 do 34.18.28/18.45.8 B 
FAL.236 do 34.21.18/18.46.8 B 
FAL.237 do. 34.22.78/18.43.1 BE 
FAL.238 do. 34.20.68/18.39.4 B 


[J.L.8.Z. 


Depth Bottom 
(Metres) 
22 Ss. 
37-38 S. Sh. 
16-19 R. 
do. do. 
14-17 do. 
do. do. 
do. do. 
36 S. Gr. R 
24 R. 
12 S. R- 
15—21 S. Sh. R 
36 S. Gr. R 
1-5-2°5 Ss. 

8-12 R. S. 

4-5 R. 
do. do. 
do. do. 

23-5 Lithoth. 
day} R. 

2-4 do. 

2-7 do. 
do. do. 

1-2 do. 

0-2 do. 
do. do. 
do. do. 

0-4 do. 

0-5 do. 
do. do. 

4-5-5:5 S. R. 
do. do. 

0-3 R. 
do. do. 
do. do. 

0-2 S. R. 
do. do. 
do. do. 

2-4 do. 

4-6:5 do. 
do. do. 

4 do. 
75 do. 

73 S. Sh. Gr 
do. do. 

46 S. Sh. 
(larva trap, night) 

62 S. Sh 

do. do. 
36-5 Senkus 

29 S. Sh. 
21-7 S. Sh. R 
42 Se Re 

do. do. 

18 S. Sh. R. 
40 co. 8S. Sh. 
do. do. 

36 Ss. 

64 do. 

do. do. 

49 S. R. 

48 S. Sh. Gr. R 
55 R. 

64 do. 

79 gn. M. 
82 S. gn. M 
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False Bay Dredging (FAL) (conid.) 


No. Date 
FAL.240 10.9.53 
FAL.241 9753 
FAL.242 do. 
FAL.243 do. 
FAL.245 21.4.53 
FAL.246 9.8.53 
FAL.247 979-553 
FAL.248 do. 
FAL.249 do. 
FAL.250 10.9.53 
FAL.251 do. 
FAL.256 17.11-53 
FAL.257 do. 
FAL.258 21.11.53 
FAL.260 do. 
FAL.262 do. 
FAL.266 27.1.53 
FAL.269 18.9.54 
FAL.275 21.9.54 
FAL.280 23.9.54 
FAL.283 do. 
FAL.284 do. 
FAL.302 8.10.02 
FAL.303 9.10.02 
FAL.304 15.10.1897 
FAL.306 11.9.53 
FAL.314 19.4.55 
FAL.324 6.10.1898 
FAL.327 10.9.57 
FAL.328 3le1259 
FAL.334 do. 
FAL.338 do. 
FAL.341 do. 
FAL.345 do. 
FAL.347 do. 
FAL.349 do. 
FAL.352 1.2.59 
FAL.355 24.2.59 
FAL.357 do. 
FAL.359 do. 
FAL.365 25.2.59 
FAL.367 do. 
FAL.371 do. 
FAL.373 do. 
FAL.375 do. 
FAL.376 do. 
FAL.378 do. 
FAL.380 25.2.59 
FAL.386 24.10.60 
FAL.390 15.11.60 
Mosset Bay Drepere (MB) 
MB. 4 12.1.56 
MB. 9 do. 
MB.13 do. 
MB.16 13.1.56 
MB.20 do. 
MB.23 do. 
MB.27 do. 
MB.34 15.1.56 
MB.37 16.1.56 


34. 
34. 


Position 


23.7 §/18.40.9 E 
18.5 $/18.34.2 B 


do 


34.22.5 S/18.37.3 EB 
Oatland Pt. (diving) 
d 


0. 
34.07 S/18.32.5 E 
34.07.18/18.35.6 EB 
34.07 S/18.32.5 E 


34. 


34. 


22.7 8/18.43.1 EB 
23.78/18.40 B 


Oatland Pt. (diving) 
do. 


0. 
Noah’s Ark (diving) 
d 


0. 
Windmill Beach (diving) 
Roman Rock (diving) 


34. 


(S.A. Museum material) 


34. 


(S.A. Museum material) 


34. 


(S.A. Museum material) 


34. 
34. 
34. 


(S.A. Museum material) 


0. 
do. 

23 8/18.36 E 

26 $/18.37 E 

09.48/18.49.5E 

22.18/18.35.2E 


09.6 $/18.27.4E 
18 S/18.? EB 


Kalk Bay 


34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 
34. 


19 $/18.34.6B 
15 $/18.36 E 
13 $/18.35 E 
11 $/18.35.5E 
11 8/18.33.5 E 
10.8 S/18.31 E 
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.09 8/22.07.1E 
.04.2 8/22.13.8 E 


do. 


.11 $/22.10.1E 
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Mossel Bay Dredging (MB) (contd.) 


No. Date Position Depth Bottom 
(Metres) 

MB.38 16.1.56 34.10.18/22.07.8 E 8-5 8. 
MB.40 do. 34.10.18/22.08 B 9 R. 
MB.41 do. do. do. do. 
MB.42 do. 34.08.5 8/22.08.8 E 25 Ss. M. 
MB.49 17.1.56 34.11.38/22.10 B 10 R. 
MB.53 do. 34.11 5/22.09.9E 14 R. 8. 
MB.56 do. 34.10.78/22.09.6 E 9 R. 
MB.57 do. do. do. do. 
MB.58 18.1.56 34.04.3$/22.13.5 E 12-5 do. 
MB.59 do. 34.04.18/22.13.9 E 11-5 7 
MB.62 do. 34.04.38/22.14.2 EB 18-5 co. 8. Sh. R 
MB.66 do. 34.04.88/22.13.1E 26 do. 
MB.67 do. do. do. do. 
MB.68 19.1.56 34.09.18/22.07.3 E 13 8. Sh. R 
MB.69 19.1.56 34.08.68/22.07.3 E 13-5 8. R. 
MB.74 do. 34.09.18/22.07.2 EB 12 8. Sh. R 
MB.75 do. 34.08.78/22.07.4 EB 15:5 S. 
MB.77 20.1.56 34.11.38/22.06.3 E 24 8. R 
MB.78 do. do. do do. 
MB.79 do. 34.05 8/22.11.8E 19 M. 
MB.81 do. 34.06.28/22.10.9 EB 27-5 do. 
MB.85 21.1.56 34.11.48/22.10.1E 29 R. 
MB.86 17.1.56 34.11.3S8/22.10 E 10 do. 
MB.87 do. 34.11 8/22.09.9 BE 14 Ss 
MB.88 18.1.56 34.04.88/22.13.1E 26 co. 8. Sh. R. 


Knysna Estuary (KNY) 


KNY. 11 16.7.47 Channel off Paarden Is. 1 Zostera and mud. 
FON Y= 57 10.1.54 Oyster Beds 0-1 Oyster shell. 
KNY.203 20.7.47 Knysna Heads 11-5 Rock. 


Atgoa Bay Dreperne (LIZ) 


LIZ. 1 5.4.54 33.55.7 8/25.37.2 B 9-5 M. 
IWAYA, Be do. do. do. do. 
LIZ. 3 5.4.54 33.56.18/25.40 E 17-5 Ss. 
LIZ. 6 6.4.54 33.58.18/25.38.9 B 9 R. St. 
LIZ. 9 do. do. do. do. 
LIZ.13 do. 33.58.2 8/25.38.8 EB 7:5 Ss. 
LIZ.18 hee Oe 33.58.48/25.40.5 E 14 St. 
LIZ.19 do. 33.58.5$/25.42 B 27 S. Sh. 
LIZ.23 8.4.54 33.58 §/25.43 BE 38-5 M. Cl. 
LIZ.24 11.4.54 34.00.48/25.44.5E 39 co. S. Sh. 
LIZ.25 do. do. do. do. 
LIZ.27 do. 34.00.8 §/25.42.4 8 6 R. 
LIZ.29 do. do. do. do. 
LIZ.31 6.4.54 33.57.28/25.38 E 9-10 Cl. R. 
LIZ.35 do. 33.58.18/25.38.9 B 9 St. R. 
LIZ.36 5.4.54 33.55.7S/25.37.2E 8-10 M. 
LIZ.37 6.4.54 33.58.18/25.38.9 B 9 St. R. 
LIZ.38 7.4.54 33.58.5 §/25.42 B 27 S. Sh. 


Sours Coast Drepa@rina (SCD) 


ScD. 1 15.4.58 35.27 §/20.10 B 150 M. 
SCD. 3 18.4.58 34.20 8/24.40 B 102 Re 
SCD. 4 do. do. do. do. 
SCD. 9 19.4.58 34.15 8/250.5 B iil Sh. R. 
SCD. 18 20.4.58 32.52 8/28.12.5 8 78 Cl. M. 
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South Coast Dredging (SCD) (conitd.) 


No. Date 
SCD. 20 26.5.58 
SCD. 22 do. 
SCD. 25 24.5.58 
SCD. 26 23.65.58 
SCD. 32 22.5.58 
SCD. 33 21.5.58 
SCD. 40 19.5.58 
SCD. 50 do. 
SCD. 54 20.8.58 
SCD. 58 19.8.58 
SCD. 61 16.8.58 
SCD. 63 14.8.58 
SCD. 69 5.7.59 
SCD. 72 15.7.59 
SCD. 74 16.7.59 
SCD. 78 do 
SCD. 80 do 
SCD. 82 17.7.59 
SCD. 89 do 
SCD. 94, 96 20.7.59 
SCD. 99 21.7.59 
SCD.100 do 
SCD.103 22.7.59 
SCD.105 23.7.59 
SCD.106 do 
SCD.109 do. 
SCD.114 26.11.59 
SCD.115 do. 
SCD.118 14.2.60 
SCD.120 do. 
SCD.123 do. 
SCD.125 3.6.60 
SCD.126 do. 
SCD.127 do. 
SCD.128 do. 
SCD.130 do. 
SCD.132 do. 
SCD.134 26.11.59 
SCD.136 28.8.60 
SCD.140 do. 
SCD.142 do 
SCD.143 do 
SCD.145 do 
SCD.149 do 
SCD.150 do. 
SCD.152 2.6.60 


Position 


34.07.3 $/23.23.8 E 
734.46 S/23.27 E 
34.02.5 $/25.46.5 E 
33.47 $/26.04 E 
33.38.6 S/26.54.7 B 
33.03 $/27.56.2 B 
32.15.2$/28.57.7 EB 
31.38.8 $/29.34.4E 
34.01 §/25.45.5 E 
33.37 S$/26.56.6 E 
33.02 $/27.56.2 E 
31.57.2 §/29.36 E 
33.31 8/27.14.5 E 
31.41.7 §/29.33.5E 


32.33 $/28.38 E 
32.37 8/28.31E 
32.43 §/28.28 E 
33.03 §/27.54 E 
33.03 8/27.55 B 
34.21 §/25.41 E 
34.33 8/24.01E 
do. 

35.07 S/22.15 BE 
34.33 8/21.28E 
34.35 §/21.10 E 
34.35 §/21.11E 
34.29 §/21.49.5E 
34.54.48/22.12.2E 
34.24 §/21.46 E 
34.33 8/21.52 E 
34.40.5 S/22.00 E 


34.26.58/21.48 E 
do. 

34.37 §/21.56E. 
do. 

34.48 S/22.06E 
do. 

34.29 S/21.49.5E 

34.35 S/21.56 E 


do. 
34.46 S/22.05 E 
do. 


do. 
34.59 8/22.18 E 


do. 
Off Cape Barracuda 
(S. Afr. Mus.) 


Depth 
(Metres) 


SYSTEMATIC ACCOUNT. 


FAMILY ORBINIIDAE. 


Fauvel, 1927, p. 22, fig. 7 aI. 


Records : 


145 (1), 162 (3), 166 (1), 171 (2), 178 (2), 24 
87 (2). LIZ.2 (1), 9 (1), 18 (2). SCD.58 (1). 


SB.246 (2). 
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1 (p), 8 
7 (1), 269 (2 


NAINERIS LAEVIGATA (Grube, 1855). 
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ORBINIA ANGRAPEQUENSIS (Augener, 1918). 


Aricia angrapequensis Augener, 1918, p. 413, pl. 6, fig. 146; pl. 7, fig. 225, text-fig. 56. 
Orbinia angrapequensis Day, 1955, p. 408. 


Records : SB.245 (1). WCD.15 (2), 26 (3). TRA.77 (2). FAL.237 (1), 240 (1), 
347 (2). 


ORBINIA cf. BIORETI (Fauvel, 1919). 


Records : LB.427 (1). CP.515 (1). 

Notes : Aricia bioreti was originally described as having 34-38 thoracic setigers 
and without serrations on the neuropodial hooks of the thorax. The character of 
the abdominal neurosetae was not stated but Fauvel emphasized that forked setae 
were absent. This description agreed with the specimens described by Day (1957) 
from Kosi Bay with the exception that the hooks are serrated and the abdominal 
neurosetae have abruptly tapered tips. The new specimens recorded here from 
Langebaan and the Cape Peninsula have 31-32 setigers, rows of smooth hooks in 
thoracic neuropodia, gills from setiger 5, about 9 foot papillae and about 20 stomach 
papillae. A small intermediate cirrus is present in posterior abdominal segments. 
Forked setae are present in the abdominal notopodia and 1 or 2 of the abdominal 
neurosetae have abruptly tapered tips. The 2 acicula of the abdominal neuropodia 
have bent, truncate tips. 

In some respects these specimens are intermediate between O. bioreti and O. 
latreillaa and may eventually prove to be a separate species. 


PHYLO FOETIDA var. LigusTIcA (Orlandi, 1896). 


Aricia foetida var. ligustica Fauvel, 1927, p. 14, fig. 4 n—I. 
Orbinia foetida var. lingustica Day, 1955, p. 409. 


Records : WOD.3 (1). 68 (4+2 juvs.) TRA.70 (1), 77 (1), 104 (1). SCD.149 (1), 


Notes : Specimen WCD.3 has only 4 stomach papillae per segment and no forked 
setae. 


PHYLO CAPENSIS n. sp. (fig. 1 a-f). 


Records : SB.205 (2). SCD.130 (1). 

Description : The holotype from station SB.205 dredged in Saldanha Bay is 
an incomplete specimen measuring 30 mm. by 2-5 mm. It has 24 thoracic setigers 
with branchiae from the 6th. Specimen SCD.130 has 17 thoracic setigers. In the 
holotype the post-setal lobe of the notopodium is well developed from the first foot 
but is not actually expanded in the abdomen and could not be called chopper-shaped. 
Thoracic neuropodia (fig. 1 a) have up to 9 foot papillae but there are only 2 to 3 
stomach papillae at the junction of the thorax and abdomen. Abdominal neuro- 
podia eS e bp aae at the ventral cirri are well developed and arise high up 
giving a trilobed effect. ere is no intermediate cirrus on t imen 
SCD.130 has a very small one. aimee gr 

Thoracic notosetae are crenulate capillaries and the abdominal notosetae include 
a few forked setae (fig. 1 c). Thoracic neurosetae consist of 3-4 rows of smooth 
blunt hooks (fig. 1 d) bent at the tip but without guards. There are very few capil- 
laries. A single large acicular spine (fig. 1 e) arises from the superior edge of the 
neuropodium from setiger 14 on to the end of the thorax. A few abdominal neuro- 
setae are normal crenulate capillaries and the 2 acicula have blunt tips (fig. 1 f). 

ae norwegica (Sars) is generally similar but is said to lack genuine hooks, has 
15-17 thoracic setigers and no stomach papillae at all. Moreover it has 4-8 enlarged 
spines. 
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HAPLOSCOLOPLOS KERGUELENSIS (McIntosh, 1885). 


Monro, 1936, p. 160. 
? Theostoma oerstedi Kirkegaard, 1959, p. 16. 


Records : WCD.5 (2 juvs.). 61 (3), 63 (11), 64 (3). TRA.52 (1), 80 (1). FAL.378 
(1). SCD.1165 (1). 


Notes : The material consists of an anterior fragment measuring 10 mm. for 
26 segments. There are 10 thoracic segments with gills from the 9th. The thoracic 
segments are not markedly flattened and it is only the change in structure of the 
parapodia which delimits the thorax from the abdomen. The notopodia bear 
crenulate capillaries and a post-setal lobe is obvious from the first setiger onwards. 
Thoracic neuropodia lack hooks and bear only crenulate capillaries similar to the 
notosetae but twice as numerous. There is a single long postsetal papilla from the 
first neuropodium but no stomach papillae. In the abdomen the notopodia are 
small and in juveniles they bear forked setae with unequal limbs as well as crenulate 
capillaries ; there is no intermediate cirrus and the neuropodia end in two equal 
lobes. There is no ventral cirrus. The neuropodial acicula have blunt tips. 


SCOLOPLOS JOHNSTONEI Day, 1934. 
Day, 1934, p. 58, fig. 11 a-e. 
Records : LB.159 (p), 191 (p). 


ScoLoPLos (LEODAMUS) UNIRAMUS n. sp. (fig. 1 g-o). 
Records : SCD.130 (2 juvs.), 140 (1 + 1 juv.), 149 (2 juvs.). 


Description : The type material consists of 5 small specimens dredged off Mossel 
Bay in 30 to 50 fathoms. The largest specimen was an anterior fragment from 
SCD.140 measuring 7 mm. by 1-0 mm. for 41 segments. It is uniformly pale in 
alcohol. ; 

The prostomium is an elongate pointed cone without eyes. The buccal segment 
is achaetous. Behind this there are 21 thoracic setigers which are dorso-ventrally 
flattened and then another 20 rounded abdominal setigers to the end of the fragment. 
The other paratypes show that there are many more segments in the complete worm. 

Branchiae start on setiger 6 and are markedly tapered distally and ciliated towards 
the base. Thoracic notopodia (fig. 1 g) are first evident on the third setiger as slender 
filaments and they maintain this shape throughout ; even on the abdomen they are 
slender and threadlike. Thoracic neuropodia are vertical ridges at first smoothly 
rounded without foot papillae behind them or stomach papillae below them. How- 
ever on setiger 16 a single long foot papilla appears (fig. 1 h) behind the middle of 
the neuropodial ridge and is continued in the abdomen as the main ramus of the 
neuropodium. On setiger 20 another digitiform papilla appears just below the 
neuropodium and persists onto the abdomen until setiger 24. This may be inter- 
preted either as a single stomach papilla or as a ventral cirrus since there is no ventral 
cirrus on later segments. 

In the posterior abdomen the notopodium (fig. 1 7) is a slender filament as stated 
previously and the neuropodium is a stout erect lobe bearing a single ramus cor- 
responding to the outer ramus of species with bilobed neuropodia. There is neither an 
interramal cirrus nor a ventral cirrus nor a lamellar expansion below the neuropodium. 

Thoracic notosetae are stout crenulate capillaries. Thoracic neurosetae con- 
sist of 3 rows of blunt, bent hooks (fig. 1 &) without flanges and either smooth or 
lightly serrate tips plus 1-2 very fine crenulate capillaries but at first sight the neuro- 
podium seems to lack capillaries. Abdominal notosetae include about a dozen 
crenulate capillaries (fig. 1 1) with finely tapered tips and 2-3 forked setae (fig. 1 m) 
with slightly unequal prongs which are feathered on their inner margins. Abdominal 


478 J/HSDAY: [J.L.S.Z. 


neurosetae include 1-2 fine crenulate capillaries with poorly marked serrations and 
fine hairlike tips and 3-4 longer and stouter setae (fig. 1 ») which also have poorly 
marked serrations but in this case with abruptly pointed tips. The single aciculum 
(fig. 1 0) just projects from the surface and has a truncate end. 

The number of thoracic segments, the position and development of the single 
foot papilla and the single ventral cirrus (or possible stomach papilla) varies with 


TrEextT-Fig. 1. 


Phylo capensis n. sp. (a) 17th foot; (b) 40th foot; (c) forked i 

: d i ; seta; (d) neuropodial hook ; 

rae (e) neuropodial spine ; (f ) tip of neuropodial aciculum from the iaotnant = has 
coloplos uniramus n. sp. (g) anterior view of 5th foot; (h) anterior view of 16th foot: (j) 
posterior abdominal foot ; _(k) thoracic hook ; (1) abdominal capillary ; (m) forked seta ; 
gad (nm) abdominal ee with abruptly pointed tip ; (0) neuropodial aciculum , 

ricia capensis n. sp. 12th foot ; bdomi ; i ny i 

eee aa ee oacannee (q) abdominal foot; (r) thoracic hook ; (s) flail-seta 


XLIV] POLYCHAETS OF SOUTH AFRICA 479 


the size of the specimen. The details described above apply to the largest specimen. 
The four other smaller specimens had respectively : 20 thoracic setigers, a foot 
papilla from setiger 12 and a stomach papilla from setiger 20-26 ; 15 thoracic 
setigers, no foot papilla and no stomach papilla ; 15 thoracic setigers, a foot papllta 
from setiger 14, no stomach papilla and the last one had 13 thoracic setigers bui 
neither foot papilla nor stomach papilla. In other respects however these five 
specimens resembled one another, in particular the gills always started on setiger 6, 
the abdominal neuropodia were always uniramous and the notopodia were always 
filiform. It would appear therefore that the number of thoracic setigers increases 
from 13 to at least 21 with increasing age and that the foot papilla and stomach 
papilla develop fairly late. 

Leodamus was first used as a subgenus of Scoloplos by Hartman (1948) and has 
been defined by Hartman (1957, p. 284). She summarizes the various characters by 
saying (p. 285) : ‘ Scoloplos (Leodamus) differs from Scoloplos sensu stricto chiefly in 
having projecting acicula in abdominal neuropodia and branchiae present in more 
anterior segments.’ With these characters S. wniramus agrees. It has affinities 
to S. (L.) cirratus (Ehlers) from the Magellan area, S. (L.) johnstonet Day from South 
Africa, S. (L.) rubra (Webster) from the Atlantic shores of the United States, SCL.) 
ohlini (Ehlers) from southern South America, S. (L.) marginatus (Ehlers) from South 
Georgia and S. (L.) chevalieri (Fauvel) from Senegal. It is possible that some at 
least of these species are synonymous since the exact number of thoracic setigers and 
the development of a papilla behind or below the thoracic neuropodium changes 
with age. Nevertheless there are small differences between them listed by Hartman 
(1957). 4S. (L.) wniramus has been carefully compared with 8. (L.) johnstonei. Apart 
from the smaller number of thoracic setigers (13-21 as against 21-24) S. wuramus 
has much more slender gills and abdominal notopodia, the uniramous condition of the 
abdominal neuropodia is striking and the abruptly pointed neuropodial capillaries 
in the abdomen are not paralleled in S. johnstonet. Moreover in S. uniramus the 
aciculum of the abdominal neuropodium is truncate while that of S. johnstoner has a 
blunt rounded end. 


ScoLoPpLos ? ARMIGER Muller, 1776. 
Records : FAL.378 (1). SCD.130 (2 juvs.), 149 (2 juvs.). 


Notes : These small specimens have 14-16 thoracic setigers with gills from the 
13th-15th onwards. The postsetal lobe of the notopodium is small on anterior feet 
and is always smaller than the branchia on the abdomen. In specimens FAL.378 
and SCD.130 the thoracic neuropodia are vertical ridges with a single median foot 
papilla appearing on setiger 10-11. There are no stomach papillae on the thorax or 
ventral cirri on the abdomen. Abdominal neuropodia are bilobed with the inner 
ramus slightly larger than the outer and with an inferior rounded lamella. There is 
no interramal cirrus. In the two specimens from SCD.149 a single foot papilla 
appears behind the middle of the neuropodial ridge on setiger 8 and two are present 
on setiger 14. A single stomach papilla is present from setiger 16 to 21. Later 
abdominal segments have only a ventral cirrus. 

Notosetae are crenulate capillaries throughout, there being no forked setae on the 
abdomen. Thoracic neurosetae consist of an anterior row of broad crenulate capil- 
laries, two rows of hooks and a posterior row of crenulate capillaries. The hooks 
are not strongly bent, merely sigmoid towards their blunt ends. Those of specimens 
FAL.378 and SCD.130 have 5-7 well marked serrations but those of SCD.149 have 
numerous small serrations. Abdominal neurosetae are normal crenulate capillaries 
with tapered tips. The single aciculum is well tapered towards the bent tip which 
j rojects from the surface. 
ys the aesipeion of S. armiger given by Fauvel (1927) is so broad that it probably 
covers a number of closely related species. Hartman (1957, p. 280) in her key to 
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Scoloplos sensu stricto gives two species, viz. S. armiger (Miller) type locality Norway 
and S. acmeceps Chamberlin type locality Southern California which are close to 
these South African specimens. However both species are described as having 
forked setae and more thoracic setigers. 

S. armiger was recorded from the Cape by Monro (1930) but this was a misidenti- 
fication for the specimen which I examined in the British Museum proved to be Naineris 
laevigata. A species of Scoloplos close to S. armiger was also recorded by me (Day, 
1955) from Lambert’s Bay, but this had smooth neuropodial hooks in the thoracic 
neuropodia. It is obvious that more material from the type locality of S. armiger 
must be examined in order to determine the variability of this species. 


SCOLARICIA CAPENSIS n. sp. (fig. 1 p-s). 
Records : SCD.128 (1). 


Description : The holotype from SCD.128 dredged on the Agulhas Bank is broken 
into three pieces which together measure 45 mm. by 1-0 mm. for 112 segments. It 
is uniformly pale in alcohol. The prostomium is long and sharply pointed. There 
are 17 oval thoracic segments with notopodia and neuropodia close together followed 
by the abdomen with rounded segments and dorsal parapodia which have well-marked 
lateral lamellae below the neuropodia. 

The dorsal cirrus or postsetal notopodial lobe (fig. 1 p) first appears as a minute 
cylindrical papilla on setiger 1 but increases in size posteriorly. Branchiae first 
appear on setiger 15 and increase in size. Thoracic neuropodia are stout lateral 
ridges which are faintly notched and from setiger 9 onwards a small postsetal foot 
papilla becomes evident behind the notch. It is in the middle of the neuropodium 
and increases in length towards the end of the thorax and is continued in the abdomen 
as the abdominal neuropodium. There are no stomach papillae. 

In the abdomen the postsetal notopodial lobe (fig. 1 ¢) increases in size but always 
remains a rather slender spear-shaped organ and never become chopper-shaped. 
There is no interramal cirrus but an inconspicuous ciliated cushion is present between 
the notopodium and the neuropodium. The latter is erect and bilobed with the 
inner ramus rather larger than the outer one. There is no ventral cirrus but below 
the neuropodium there is a well-defined lateral lamella. This is always oval in outline 
and never becomes notched or divided into upper and lower lobes. 

The notosetae are crenulate capillaries throughout and there is no sign of forked 
setae in the abdomen. Thoracic neurosetae at first consist of 3 rows of hooks and a 
posterior row of crenulate capillaries, but towards the end of the thorax an additional 
anterior row of broad-bladed crenulate capillaries appears. The hooks (fig. 1 r) are 
bent with blunt tips and are coarsely serrated but no flanges were seen. Abdominal 
neurosetae are few in number, merely 2-3 fine capillaries plus 1-2 much longer and 
stouter flail-setae (fig. 1 s) with abruptly tapered tips. The aciculum tapers to a 
fine truncate tip but does not project through the surface. 

Kisig (1914) established the genus Scolaricia for S. typica which differs from 
Scoloplos in having the thoracic neuropodia bilobed and the possession of flail-tipped 
abdominal neurosetae and a broad external lamella on the abdominal neuropodia. 
Fauval followed Hisig in regarding the deeply notched thoracic neuropodium as the 
most important distinction between Scoloplos and Scolaricia. Hartman (1957) how- 
ever stresses the importance of the flail-tipped abdominal neurosetae and the ‘ folia- 
ceous neuropodial ridges’. My South African specimen agrees with her definition 
of the genus. 

4S. haasi Monro (1937) lacks a notch in the thoracic neuropodia and has 24 thoracic 
setigers as against 17 for S. capensis. SS. typica is fairly close but has 19-20 thoracic 
setigers, the foot papilla is superior not median in position and the neuropodial 
hooks on the thorax are smooth. . dubia described below has stomach papillae and 
differs in other ways. 
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SCOLARICIA DUBIA (Day, 1955). 


Orbinia dubia Day, 1955, p. 409, fig. 1 a-d. 

Scoloplos (Scoloplos) dayi Pettibone, 1957, p. 162. 

Records : SB.177 (1), 199 (2), 210 (6), 226 (28), 228 (16), 232 (3), 238 (46), 240 (17), 
243 (11). WCD.46 (11), 47 (2), 49(1), 50(1), 51 (1). SCD.109 (1), 128 (3), 134 
(1 juv.), 148 (1 juv.). 

Notes : Pettibone (1957) transferred Orbinia dubia to Scoloplos because it possessed. 
only a few foot papillae. Further, because Tebble (1955) had used the name Scoloplos 
dubia for a different species, she renamed Orbinia dubia as Scoloplos day. Since 
then new specimens have been collected and when these were compared with the 
type it became obvious that Orbinia dubia should be transferred to the genus Scola- 
ricia. The diagnostic characters are summarized below. 

Nineteen thoracic setigers with branchiae from the 13th. A single median foot 
papilla on anterior parapodia increasing to 3 at the end of the thorax. 6-12 stomach 
papillae at the junction of thorax and abdomen. A large interramal cirrus. Ad- 
dominal neuropodia with equal lobes but without a ventral cirrus ; instead a blunt 
glandular lamella appears below the neuropodium at the beginning of the abdomen, 
later becomes notched and towards the end of the body may separate into 2 lobes, 


Notosetae as crenulate capillaries throughout, there being no forked setae. Thoracic 
neurosetae include 3 rows of flanged, bent and serrated hooks plus a posterior row of 
crenulate capillaries. The few abdominal neurosetae include crenulate capillaries 
and 1-2 long flail-setae with abruptly tapered tips. Acicula blunt with bent tips. 


PROSCOLOPLOS CYGNOCHAETUS Day, 1954. 
Day 1954, p. 21, fig. 3 a-f. 
Records : CP.488 (2). 


Notes : This species is a new record for South Africa, The type locality is Tristan 
da Cunha. 


FAMILY PARAONIDAE, 


ARICIDEA (ARICIDEA) CAPENSIS n. sp. (fig. 2 a-f). 


Aricidea fauveli (non Hartman) Banse, 1959, p. 306, fig. 7 a, b. 

? Aricidea minuta Southward, 1956, p. 269, fig. 2 a-c. 

Records : MB.4 (1). 

Description : The holotype is a threadlike worm measuring 9 mm. by 0-2 mm. 
for 75 segments but it is not quite complete posteriorly. It was dredged in Mossel 
Bay at a depth of 10 metres on a bottom of sand, shells and rock, oat 

The anterior region is oval in section but the posterior part is quite cylindrical 
and tends to coil up. The prostomium (fig. 2 a) is an elongate cone with a long 
median antenna faintly annulated towards the tip. Anterior parapodia are not well 
marked. Each notopodium consists of a low ridge bearing a fan of setae and behind 
this is a slender postestal lobe. The tapered cirriform branchiae appear on setiger 4 
(fig. 2 b) slightly above the postsetal lobe. They persist to setiger 17 so that there 
are 14 pairs in all. Branchiae are of uniform length throughout and are always a 
little longer than the postsetal lobes. In the posterior abranchiate segments (fig. 
2 c) the postsetal lobes become very slender. The neuropodia are merely laterra 
thickenings of the body wall from which the setae arise. There are no ventall 

ri. 
7 peter notosetae (fig. 2 d) are broad-winged capillaries strongly bent at the base 
of the blade and tapered to hairlike tips. Anterior neurosetae are similar but the 
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terminal tapered portion is even better marked. In posterior segments all setae 
decrease in number. The notopodial capillaries (fig. 2 e) become straight and exceed- 
ingly fine with hardly a trace of a blade. Most of the neurosetae are similar but this 
ramus also develops 3-4 hooks (fig. 2 f) each with a minute superior tooth and a 
very long, delicately pointed hood or arista arising from the concave side of the shaft. 
The shafts of these hooks are about 1-5 times the thickness of the fine capillaries. 

Two species of Aricidea have been described from the Cape. Ehlers (1908) 
described Cirrophorus branchiatus now known as Aricidea (Cirrophorus) branchiatus. 
It may be distinguished from other South African species of the genus by the posses- 
sion of specialized setae in posterior nofopodia. More recently Kirkegaard (1959) 
has recorded Aricidea fauveli Hartman from False Bay. This species has had a 
confused history. It was originally described from Morocco by Fauvel (1936) under 
the name of A. fragilis Webster but Fauvel figured the posterior notopodial hooks 
as unidentate with a hood arising from the convex side of the shaft. Hartman (1957) 
showed that the true A. fragilis has pesudoarticulate hooks and she renamed Fauvel’s 
specimen A. fauveli. Banse (1959) then recorded A. fauveli from the Adriatic but 
as his specimen had bidentate hooks with hoods on the concave side of the shaft it is 
clearly not A. fauveli but A. capensis. On the other hand A. assimilis Tebble (1959) 
from the Mediterranean coast of Israel, the type of which has been examined in the 
British Museum, is identical with A. fawveli. 

A. capensis and A. longobranchiata described below may be distinguished from 
one another by the shape of the prostomium and the length of the last few gills. 
Both belong to the group of Aricidea with hooks having the hood or arista arising 
from the concave side of the shaft. With them is A. minuta Southward (1956) 
from the Isle of Man. The latter was described from a fragmentary juvenile speci- 
men measuring only 1-5 mm. and the description is incomplete in consequence. 
However there is no mention of elongated posterior gills such as those seen in A. 
longobranchiata and the broadly triangular prostomium and short antenna suggest 
that it differs from A. capensis. 


ARICIDEA (ARICIDEA) LONGOBRANCHIATA N. Sp. (fig. 2 gn). 


Records : SB.222 (2), 243 (4), WCD.50 (4), 70 (10). SCD.128 (1), 134 (2 juvs.), 
143 (1 juv.). 

Description : The type material consists of 4 specimens dredged in 77 metres on 
a muddy bottom off Saldanha Bay. None of the specimens is complete but the 
largest measures 9 mm. for 50 segments and is 0-8 mm. wide at the 10th segment. 
It is rather flattened anteriorly with segments 8 times as broad as long. Posteriorly 
the body is more rounded and the segments grow longer until they are only twice as 
broad as long. The worms are pale in alcohol but one or two of them have reddish 
specks above the posterior notopodia. Two of them contain ripe eggs. 

The prostomium (fig. 2 g) is roughly cordate being bluntly rounded anteriorly and 
having oblique nuchal grooves laterally. The antenna (which is often missing) arise 
from the middle of the prostomium and is very long—it extends back to setiger 5. 

The anterior region consists of 3 abranchiate setigers and 18 branchiferous ones. 
Most of the branchiae (fig. 2 h) are stout cirriform organs with pointed tips which 
arch over the back to meet in the middorsal line. Each of the anterior branchiae is 
densely ciliated, about as broad as the segment is long and has a pointed tip. The last 
two or three pairs however are quite distinctive. In these, the slender tip elongates 
Perea iio (fig. 2 7) so that the whole gill may be twice as long as the width of the 

ody. 

The anterior parapodia (fig. 2 h) are merely square projections from the sides of 
the segments. The notopodia bear well-formed postsetal lobes and a bundle of 
winged capillaries. The neuropodia are similar but lack postsetal lobes (unless an 
obscure papilla is homologous with this structure). The abdominal parapodia (fig. 


XLIv| POLYCHAETS OF SOUTH AFRICA 483 


2 k) are even less well developed, being no more than sli i 
; ght swellings of the bod 
wall. The postsetal lobe of the notopodium becomes insignificant neni end of the 


branchial region and on posterior segments it is hardly distingui 
eirodinl Coollavcs g y distinguishable from the fine 


g j 


Trext-Fic. 2. 


Aricidea capensis n. sp. (a) head; (6) 10th foot; (c) posterior abdominal foot ; (d) anterior 
notopodial capillary ; (e) posterior notopodial capillary ; (f) posterior neuropodial hook. 

Aricidea longobranchiata n. sp. (g) head ; (h) 10th foot ; (j) 20th foot ; (k) posterior abdominal 
foot; (Ll) anterior notopodial capillary ; (m) posterior neuropodial capillary ; (n) posterior 
neuropodial hook. 


The anterior setae of the branchial region (fig. 2 /) are all winged capillaries whose 
blades are bent and tapered. These characters are more marked in the neurosetae 
than the notosetae. At the end of the branchiferous region all the setae decrease 
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in size. In the posterior abdominal segments there are only 3-4 fine notopodial 
capillaries. The neurosetae are better developed and include 6 slender capillaries 
(fig. 2m) and 4 or 5 hooks (fig. 2). The latter have unidentate tips and fine tapered 
guards or aristae arising just below the tips. ; 

A discussion of the relationship of this species to other members of the genus will 
be found under A. capensis. 


FAMILY SPIONIDAE. 


LAONICE CrRRATA (Sars, 1851). 

Fauvel, 1927, p. 38, fig. 12 a-e. Kirkegaard, 1959, p. 18. 

Records: AFR.728 (1). WCD.5 (2 juvs.), 26 (5), 51 (1), 79 (3 juvs,). FAL.251 (1), 352 
(1). SCD.96 (4), 150 (2). 

Notes : The material agrees well with Fauvel’s description. The prostomium is 
rounded in front and has an erect occipital tentacle. There are gills from setiger 
2 to 30 which is about the middle of the body. Genital pouches occur on setigers 33 
to 50. These are no dorsal hooks ; neuropodial hooks start on setiger 33. 


SPIOPHANES SODERSTROMI Hartman, 1953. 

Hartman, 1953, p. 41, fig. 14 a-c. 

Records : FAL.251 (1). SOD.72 (2), 125 (2 + 1 juv.), 128 (4 juvs.), 134 (1 juv.), 
150 (1). 

Pie : The material consists of 5 fragmentary specimens the largest of 
which measures 19 mm. for 43 segments. 

The prostomium is broadly rounded in front and supported on either side by folds 
of the buccal segment. A pair of subdermal eyes is sometimes obvious but in large 
specimens the eyes are usually obscure. Two touches of brown pigment simulating 
eyes may be present posteriorly. Similarly an erect occipital tentacle is present in 
large specimens but could not be found in juveniles. Behind the prostomium a 
pair of raised sensory bands extend back to the anterior margin of setiger 4. 

The postsetal lobe of the first notopodium is slender and pointed, on the next 
three segments it is more triangular but still pointed and on setigers 5-8 it is broad 
and blunt. Thereafter it changes again and becomes pointed ; indeed on posterior 
segments it develops a filiform tip and becomes glandular basally. A transverse 
dorsal ridge joins the right and left notopodia from setiger 16 to 35. The postsetal 
lamellae of the first four neuropodia are pointed but subsequent ones are low rounded 
ridges with active mucus glands in some of the middle segments. 

The notosetae are winged capillaries throughout, those of the first foot being 
particularly long in juveniles. The neurosetae of the first 14 feet are mainly winged 
capillaries but the first neuropodium also bears a stout, strongly curved seta charac- 
teristic of the genus. From setiger 15 onwards the winged capillaries are replaced by 
a row of hooks with two teeth above the main fang and a stout sabre-seta or genital 
seta becomes obvious at the inferior edge of the row. In juveniles these sabre-setae 
are not distinguishable on setigers 2-14 and they have been reported to start on 
setiger 15 both by Séderstrom (1920) who first described the species under the name 
of S. kroyeri and by Hartman (1953) who renamed it S. séderstromi. However, 
careful examination of large specimens has shown that these sabre-setae or genital 
setae are present from setiger 2 onwards. Indeed the characteristic hook of the 
first foot is no more than an enlarged form of the sabre-setae that are found not only 
in Spiophanes but also in Spio and other genera of the Spionidae. 

Both Séderstrom and Hartman also state that the tridentate hooks lack hoods. 
This is certainly true of adult specimens but on juveniles the remains of a hood may 
be seen joining the tip of the main fang to the shaft below. 
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S. kroyeri sensu Sdderstrom (1920) was separated from S. kroyertr Grube (1860) 
and renamed S. séderstromt by Hartman (1953) because it lacks eyes and the genital 
setae are smooth, not fibrillated. As shown above the subdermal eyes are difficult 
to see in adults so that the most useful distinction is the genital or sabre-like setae. 

This is a new record for South Africa. 


SPIOPHANES BOMBYX (Claparede, 1870). 
Fauvel, 1927, p. 41, fig. 14 a. Kirkegaard, 1959, p. 19. 
Records : FAL.375 (1). SCD.150 (1). 


Notes : These South African specimens agree very well with Fauvel’s description 
with the one exception that the bidentate neuropodial hooks do not have complete 
hoods such as are shown in Fauvel’s figure 14 e. They have partial hoods joining 
the tip of the main fang to the shaft below. As in the case of S. séderstroma described 
yea fee is probably a growth difference and adult specimens possibly have no 

oods at all. 


PyYGOSPIO ELEGANS Claparede, 1863. 
Fauvel, 1927, p. 46, fig. 16 a—h. 
Records : CP.450 (2). 


Notes : Two small specimens were obtained measuring 2-4 mm. for 19 segments 
and 2-5 mm. for 21 segments respectively. They are presumably juveniles for 
Fauvel gives the length of European specimens as 10 mm. 

The palps are large and voluminous, the prostomium is faintly bilobed in front 
and produced back to the anterior margin of setiger 2. It has 4 eyes. Broad 
branchiae fused to the dorsal lamellae occur on setigers 11-15 in one specimen and 
on setigers 11-19 in the other. There are 4 very stout and glandular anal cirri. 
The notosetae are winged capillaries throughout. Hooded hooks appear in the 
neuropodium of setiger 8 and each is bidentate with a large main fang surmounted 
by what is probably a single small superior tooth. The hood is almost rounded. 

This is the first record of Pygospio from South Africa, but the above description 
agrees fairly well with that of Fauvel. It should however be noted that both speci- 
mens are small juveniles, so that some doubt remains as to their identity. 


PRIONOSPIO PINNATA Khlers, 1901. 
Eblers, 1901, p. 163. Ehlers, 1908, p. 110. Kirkegaard, 1959, p. 22. 
Records : WCD.5 (1 juv.), 26 (15), 60 (2), 61 (15), 63(8+-12 juvs.), 64(2) 66 (2). 
TRA.41 (3). FAL.240 (8), 250 (c). SCD.125 (3). 

Notes : This species is characterized by the possession of winglike lobes sheathing 
the sides of the prostomium, pennate gills on the first 3 setigers and neuropodial 
hooks from setiger 9 or 10. 

It is interesting to note that these specimens lack eyes and thus resemble Ehlers’ 
type from South America more closely than the specimens he later recorded from the 
Agulhas Bank. In the same way the hooks start on setiger 9 and not 11. The 
gills are obviously caducous. Only a few retain all three pairs ; in many they are 
all lost and in others they are in various states of regeneration. On one there was 
only a single gill but it was enormous and reached back to setiger 15. 


PRIONOSPIO SALDANHA n. Sp. (fig. 3 a-h). 
Prionospio sp. Day, 1955, p. 414. 
Records : SB.210 (a). SCD.130 (3 juvs.). 
Description : From the abundant material dredged in Saldanha Bay, Id speci- 
mens were selected as the types. Only two of the paratypes retained their palps 
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i ing 19 mm. by 0°4 
t the rest were otherwise complete. One of the largest measuring 
a for 70 segments was designated the holotype. It is uniformly pale in alcohol. 


TExtT-Fic. 3. 


Prionospio saldanha n. sp. (a) head and branchiferous segments ; (6) 6th foot; (c) 19th foot ; 
(d) posterior foot; (e) anterior notopodial capillary; (f) neuropodial capillary; (g) 
sabre-seta from 19th foot ; (h) bidentate hooded hook. 

Prionospio malmgreni Claparede dubia var. nov. (j) anterior end; (k) 20th foot ; 


3 (2) posterior 
foot ; (m) sabre-seta from 20th foot 3 () hooded hook. 


setiger 2. There are 4 eyes in a rough square but the anterior pair are wider apart. 
The buccal segment and the small first setiger are fused and extend forwards to 
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support the sides of the prostomium so that the ventral mouth is anterior to the eyes. The 
palps seen on one of the paratypes are very long structures which arise just in front of 
notopodium 1 and reach back to setiger 12. Since they are grooved and frilly the palps 
might easily be mistaken for an enlarged pennate gill arising from setiger 1 but a 
detailed comparison with the truly pennate gill on setiger 5 shows that this is not so. 

True branchiae are present on setigers 2-5, thus four pairs in all. The first three 
pairs are smooth, tapered organs which increase in length so that the third is con- 
siderably longer than the pointed notopodial lamella of the segment to which it 
belongs. The fourth gill is twice as large as the third ; moreover it is “ pennate ’, 
that is its anterior surface is covered with fine cylindrical papillae which are longer 
than the thickness of the gill. 

Anterior parapodia (fig. 3 6) are well developed with elongate postsetal lamellae 
on both notopodia and neuropodia. The postsetal notopodial lamella of setiger 1 
is small and rounded but that of setiger 2 is much larger and has a pointed tip. Suc- 
cessive lamellae increase in size to the 7th or 8th and then decrease again and become 
more rounded so that the 15th is broader than long. Moreover the anterior lamellae 
become twisted and while the first three are posterior to the notosetae subsequent 
ones are mediad to the setae and in lateral view the bundles of notopodial capillaries 
are seen to be supported and partially enfolded by the large pointed lamellae. This 
is quite characteristic. 

Posterior to setiger 15 the broad rounded lamellae become attached to the dorsum 
and gradually extend across it so that by setiger 19 (fig. 3 c), the right and left lamellae 
meet and fuse forming a low membraneous ridge right across the dorsum. This 
condition persists to the posterior end but as the lamellae soon decrease in size the 
ridge becomes obscure and is only seen on well preserved specimens (see fig. 3 d). 
The neuropodial lamellae are much smaller than the notopodial ones. On anterior 
segments they are longer than broad but posterior ones are not so prominent. The 
pygidium bears 3 anal cirri, 2 laterals and a longer median ventral. 

Anterior setae are winged capillaries, those of the notopodium (fig. 3 e) being 
much larger and broader-winged than those of the neuropodium (fig. 3 f). More- 
over an inferior sabre-seta (fig. 3 g) appears on the neuropodium of setiger 12 and. 
persists to the end of the body. It is quite easily distinguished for not only is it 
larger than the winged capillaries but its axis (not the blade) becomes ‘ speckled ’ 
distally. Bidentate hooded hooks with a single terminal tooth above the main fang 
(fig. 3 h) appear in the neuropodia from setiger 20 onwards (or setiger 13 in small 
juveniles). The winged capillaries are soon reduced and in posterior neuropodia 
there are about 6 hooks, 1-2 fine capillaries and the large inferior sabre-seta. Hooks 
appear in the notopodia from setiger 35 and slowly replace the capillaries so that in 
the last few segments there are 3-4 hooks and 1-2 capillaries. 

This species is easily distinguished from others by the possession of 4 gills, only 
the first of which is pennate. Other characteristic features are the laterally facing 


dorsal lamellae and hooks with a single tooth above the main fang. 


PRIONOSPIO CIRRIFERA Wiren, 1883. 


Séderstrom, 1920, p. 237, fig. 134 a—b; text-fig. 146. 
Fauvel, 1927, p. 62, fig. 21 k-n. 


Records : SCD.128 (1 juv.), 143 (1 juv.). 


Notes : The two specimens are referred to P. cirrifera with some hesitation as 
both are juveniles. One is complete with 54 segments and measures 7 mm. and the 
other is broken with 23 segments measuring 3mm. The prostomium Is depressed 
and rounded in front but narrows posteriorly forming a blunt ridge which reaches 
setiger 2. There are 4 eye-spots. The peristome which supports the sides of the 
prostomium has a small erect papilla in front of the notopodium of setiger 1. Long 


cylindrical gills are present from setiger 2 to setiger 10. The longest is on setiger 6 
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and if this is bent forward it reaches the tip of the prostomium ; it is also 3 times 
is long as the notopodial lamella of the same segment. All the anterior pees 
lamellae are erect and pointed. They increase in length from the first to the 6t 
and then decrease to the 10th after which they are of uniform size. Later ones tend 
to become attached to the dorsum though no transverse ridges could be discerned on 
these small specimens. Anterior neuropodial lamellae are rounded and projecting, 
but later ones are indistinct. Hooded hooks appear in the neuropodia from setiger 
18 and in the notopodia from setiger 30. Each hook has two vertical series of 3 long 
teeth above the main fang. 
This is a new record for South Africa. 


PRIONOSPIO CIRROBRANCHIATA ni. sp. (fig. 4 a-d). 

Records : WCD.53 (9), 79(2). SCD.128 (1), 150 (1 juv.). 

Description : The holotype is a rather small but complete specimen from station 
WCD.53 dredged at 34° 11’ S/18° 13’ E in 144 metres on a bottom of sandy mud. 
It is flesh white in alcohol and 11 mm. long by 0-4 mm. broad for 52 segments. 

The prostomium (fig. 4 a) is broad, flattened and square to rounded in front and 
slightly narrowed posteriorly so that it merges smoothly into the dorsum of setiger 2. 


TExtT-Fic. 4. 


Prionospio cirrobranchiata n. sp. (a) anterior end 3; (b) 8th foot ; (c) posterior foot ; (d) hooded 
hook. 


There are no eyes. The peristome is closely folded against the sides of the pro- 
stomium and there is no suggestion of wings as in P. pinnata. 

There are 11 to 12 pairs of smooth tapered gills from setiger 2 to 13. The gills 
are all the same length and each is about three times as long as the corresponding 
notopodial lamella or half the width of the segment. The notopodial lamellae 
(fig. 4 6) are bladelike pointed structures which do not vary in length apart from the 
first which is small. They remain bladelike and pointed to the posterior end and 
there is no suggestion of them forming membraneous ridges across the dorsum. The 
neuropodial lamellae are not very different from the dorsal ones ; anterior ones are 
bladelike and even the posterior ones (fig. 4 c) are still pointed and triangular. This 
is unusual for in most species the posterior ones are low and rounded. There are 
4 subequal anal cirri which is also unusual. 

Hooded hooks first appear in the neuropodium of setiger 18-19 but capillaries 
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outnumber the hooks for many more segments. Hooks appear in the notopodia 
between segment 30 and 35 and number 4-5 in both rami posteriorly. Each hook 
(fig. 4 d) has a rather slender hood and a single terminal tooth above the main fang. 

Apart from P. cirrifera described above, at least three other species of Prionospio 
are known to have numerous pairs of smooth cirriform gills ; these are P. pata- 
gonica Augener, 1923, P. multibranchiata Berkeley (1927) and P. polybranchiata 
Fauvel (1929). P. patagonica is said to have 9-12 pairs of gills starting from setiger 1 
not 2. It has 2 pairs of eyes, pluridentate hooks in the neuropodia from about 
setiger 24 and 3 anal cirri. P. multibranchiata from Canada has 8-9 pairs of gills 
starting from setiger 2 but the anterior notopodial lamellae are more than half the 
length of the gills and posterior lamellae are rounded and inconspicuous. Again 
there are 2 pairs of eyes and the hooks which have 3 teeth above the main fang, 
start on the neuropodium of setiger 14. P. polybranchiata from the tropical Indian 
Ocean has gills from setiger 2 to about the 40th and the first few are very long and 
filiform. There are no eyes and pluridentate neuropodial hooks start on setiger 22. 
It will be evident that P. cirrobranchiata differs from all these in several respects, 
particularly in the shape of the posterior parapodial lamellae and the unidenteat 
character of the hooded hooks. 


PRIONOSPIO MALMGRENI Claparede DUBIA var. nov. (fig. 3 j—n). 


? P. capensis McIntosh, 1885, p. 381, pl. 45, fig. 7; pl. 24a, figs. 7 and 8. 
non P. malmgrent var. ? Ehlers, 1908, p. 110. 

P. malmgreni Ehlers, 1913, p. 511. Augener, 1931, p. 305. 

P. ehlersi (non Fauvel) Kirkegaard, 1959, p. 23. 


Records : WCD. 64 (1), 79 (1 juvs). FAL.352 (1). SCD.130 (1), 150 (1). 


Description : The type specimen SCD.150F, dredged on the Agulhas Bank in 
105 metres, is an incomplete specimen measuring 20 mm. for 66 segments. It is pale 
in alcohool. : 

The prostomium (fig. 3 j) is depressed and rounded in front but narrows to form 
a raised keel posteriorly which just reaches setiger 2. There are 4 small poorly 
marked eyes in an arc. The peristomium supports the prostomium and. lies close 
against its sides anteriorly but at the level of setiger 1 it projects upwards as a small 
erect lamella which is continuous with the notopodium of setiger 1. This lamella is 
obviously homologous with the ‘ wings ’ of P. pinnata but is much smaller and further 
back and does not give the same appearance. 

There are 4 pairs of gills on setigers 2 to 5. The first pair (fig. 3 7) is pennate 
and much the largest pair, being about 2-5 times the size of the others which are 
subequal and about the same length as the notopodial lamellae. Gills 2 and 3 are 
stout smooth pointed lobes. Gill 4 is pennate like the first but is much shorter ; as 
mentioned above it is no longer than the third and when first seen appears as a 
bushy tuft of filaments. 

The postsetal lamellae of the notopodia increase in size to the third or fourth 
and then decrease again. The first is a very small erect lobe somewhat difficult to 
distinguish from the peristomial lobe which curves around it, the second is a much 
larger triangular lamella with a pointed tip, the third is a little longer and the fourth 
longer still, but the fifth decreases in size and from the 6th onward all are low and 
rounded. Later ones at about the 20th segment (fig. 3 /) are obviously attached to 
the dorsal surface but in spite of careful search no transverse membraneous ridges 
connecting them across the dorsum were found. ‘There are, however, some indica- 
tions that the anterior dorsal margins of the segments may develop folds at a later 
stage which would have the same function of keeping the water in the tube circulating 
over the gills. 

The neuropodial postsetal lamellae are always much smaller than the notopodial 
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ones. The first few are rounded and are about as deep as long but later ones (fig. 3 /) 
are inconspicuous oval lamellae hardly longer than the hooks. Lateral pockets 
joining the neuropodia were not present in these small specimens. 

Neuropodial hooded hooks and an inferior punctate sabre-seta (fig. 3 m) first 
appear on setiger 18 and notopodial hooks first appear on setiger 49. The number 
of neuropodial hooks increases to 5 fairly soon, but there are only 2 notopodial 
hooks on segment 66 which is the end of the fragment. The posterior notopodial 
capillaries are very long. The hooded hooks (fig. 3 n) have 4 double rows of teeth 
above the main fang. ’ 

As shown by the list of synonyms, this species has caused considerable difficulty 
and it may be noted in passing that the European specimens have caused equal 
confusion as is shown by the discussions in Southern (1914) and Sédderstrom (1920) 
under his description of P. fallax. McIntosh (1885) described P. capensis from the 
Cape very briefly and incompletely and the type which I have examined in the 
British Museum is now unrecognizable. However, the original description shows 
that there were 4 gills of which the second and third were smooth and the first and 
fourth pennate. The statement that the first gill arises from the first foot is probably 
an error. Hooded hooks are said to start on setiger 10 and the figure shows that they 
have about 4 teeth above the main fang. Ehlers (1908) under the name of P. malm- 
grent var. ? described a specimen from the Cape with 3 pairs of gills all pennate on 
setigers 3 to 5. Presumably the gill on setiger 2 had been lost, but even so this 
species was obviously not P. malmgreni nor was it similar to the material described 
above. Ehlers (1913) described another specimen from Simonstown which agrees 
with mine in all characters except the beginning of the hooks which are said to 
start on setiger 13. Augener (1931) describes a similar specimen from 230 metres 
off the mouth of the Orange River. Fauvel (1936) in his description of P. ehlersi 
from Morocco suggests that Ehlers (1908) record is probably identical with P. ehlersi 
despite the difference in gills, the lack of a ridge across setiger 7 and the genital 
pockets. Kirkegaard (1959), who records P. ehlersi from West Africa and the Cape, 
has accepted Fauvel’s synonymy, but in a private communication he states that his 
South African specimens from stations 159, 164 and 166 have the first and fourth 
pairs of gills pennate, lack dorsal crests and genital pockets and have neuropodial 
hooks from setiger 19. They are identical with the present material. 

These South African specimens are obviously close to P. bocki and P. fallaa 
Séderstrom (1920) which Fauvel (1927) has equated to P. malmgreni. I do not 
propose to enter this argument except to note that Fauvel has not met Sdéderstrom’s 
objections. P. malmgreni var. dubia described above differs from P. bocki and FP. 
fallax in having the fourth pair of gills not longer but much shorter than the first 
pair, the peristomial lobe and the notopodium of setiger 1 differ, there is no crest 
across setiger 6 or 7 and the neuropodial hooks and sabre-setae start on setiger 18 
or 19. This latter point is quite definite in all my specimens and those of Kirke- 
gaard, but in McIntosh’s, Ehlers’ and Augener’s descriptions the Cape material 
resembles P. fallax in this respect. I have therefore not named my specimens as a 
new species but as a variety of P. malmgreni. 


PRIONOSPIO SEXOCULATA Augener, 1918. 
Augener, 1918, p. 405, pl. 6, figs. 159, 172; text-fig. 52. 
Day, 1955, p. 414. 


_ Records : SB.199 (1 juv.), 223 (6), 240 (3), 243 (2). WOCD.21 (3), 23 (1), 39 (1 
juv.), 42 (25), 46 (12), 47 (4) 50 (2). 


AONIDES OXYCEPHALA (Sars, 1862). 


Fauvel, 1927, p. 39, fig. 13 a-e. Day, 1955, p. 412. 
Kirkegaard, 1959, p. 18. 


Records : SB.183 (1). FB.323 (1). LIZ.2 (1). 
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NERINIDES GILCHRISTI n. sp. (fig. 5 a—d). 
Records : WCD.26 (11), 39 (2), 64 (2). FAL.378 (1). SCD.128 (1), 143 (2). 


Description : The type material consists of 11 specimens from WCD.26 dredged 
off Saldanha Bay in 86 metres on a muddy bottom. All of these were anterior 
fragments as were all the other specimens obtained and it is presumed that this 
species fragments very readily. The most complete specimen was 7 mm. long for 
27 segments. 

The prostomium (fig. 5 a) is triangular and sharply pointed anteriorly, supported 
by the buccal segment laterally and bears an erect tapered occipital tentacle pos- 
teriorly. Two subdermal pairs of eyes are present and behind the prostomium a 
pair of short nuchal bands extend back to setiger 2. 

Setiger 1 is small but the rest are well developed, flattened dorsally and much 
broader than long. The notopodium of setiger 1 is a small erect postsetal papilla 
without a gill and bears only a few small setae. From setiger 2 onwards the noto- 
podia are large. Setigers 2 and 3 have prominent setigerous lobes but thereafter the 
setigerous lobe is low and rounded. The postsetal lamella (fig. 5 6) is large and 
completely fused to the gill to form a broad straplike organ which arches over the 
dorsum. On setiger 16 a notch appears and in the next 2 or 3 segments this deepens 
to separate the gill from the dorsal lamella. The gill itself (fig. 5 c) has a narrow 
stalk arising from the base of the lamella but distally the stalk broadens to form a 
very delicate flap, the whole gill resembling a flag. This condition persists to the end 
of the fragment (setiger 30). The separated dorsal lamella becomes broader and 
more triangular and extends down the side of the body to the neuropodium. The 
neuropodia themselves have earshaped postsetal lamellae throughout the length of 
the fragment. 

The notosetae are the normal type of winged capillaries throughout the fragment, 
but it must be remembered that in the related genus Nerine the notopodial hooks 
may not appear until the middle of the body. The neurosetae of setigers 1-17 are 
capillaries similar to those of the notopodia. In setiger 17 or 18 hooded hooks 
appear and within the next 2 or 3 segments most of the fine capillaries have been 
replaced by a row of 10-12 hooded hooks (fig. 5 d), each with three long fine teeth 
above the main fang. There is no sign of an inferior sabre-seta such as is seen in 
some Spionid genera. 

As stressed above, all the specimens seen were anterior fragments and doubt 
must therefore remain as to whether hooks appear in the notopodia of segments 
behind the 30th. If so this species might belong to the genus Nerine. However, no 
notopodial hooks were seen and the type of neuropodial hook is quite different from 
those of Nerine cirratulus, N. foliosa and other species of the genus and resembles 
more closely the hooks of Nerinides tridentata Southern (1914). The flag-like form 
of the gill, the possession of 3 not 2 teeth above the main fang of the hooded. hooks, 
the presence of notosetae on setiger 1 and the lack of punctate notosetae in later 
segments separates NV. gilchristi from N. tridentata immediately. 


RHYNCHOSPIO GLUTAEA (Ehlers, 1897). 


Scolecolepis glutaea Ehlers, 1897, p. 83, figs. 129-135. 
Rhynchospio glutaea Hartman, 1953, p. 42. 


Records : SH.168 (p), 204 (p), 366 (p), 400 (7). 

Notes : Numerous specimens were obtained varying from 8 to 18 mm. and some 
of the specimens from experimental plates in Table Bay collected on 16/3/49 had. 
well developed ova. The prostomium has divergent frontal peaks and 4 eyes. 
Branchiae start on setiger 2 and are free from the notopodial lamellae except at the 
base. Neuropodial hooks start on setiger 15. They are hooded and tridentate, but 
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the uppermost tooth (or possibly pair of teeth) is so small and so close to the hood 
that it can only be detected under oil-immersion. In posterior feet the 7-8 hooks 
are accompanied by 3 inferior sabre-setae. There are 6 anal cirri. 

This is a new record for South Africa. 


SCOLELEPIS INDICA Fauvel, 1928. 
Scolecolepis indica Fauvel, 1928, p. 93, fig. 2 g-m. Day, 1951, p. 46. 


Records : SCD.130 (1). 
Notes : This is the most southerly record of this tropical species. 


TExt-Fia. 5. 


Nerinides gilchristi n. sp. (a) anterior end; (6) 8th f 
Sp. ; oot; (c) 23rd foot; (ad) hood 
Boccardia pseudonatrix n. sp. (e) enlarged 5th seta from anterior row ; en sure hae eee 


from posterior row ; anterior end ; i ) idi 
Plydoora cf. giardi. (k) hee 5th heck. OAT eg a ae apo ENE Ras” 
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BoccaRDIA PSEUDONATRIX n. sp. (fig. 5 e-j). 
Records : KNY.203 (5). 


Description : The type material consists of 5 well preserved specimens. One of 
these paratypes is 10 mm. long for 67 segments and like all the others it has a dusky 
head, but is not otherwise pigmented. It was chosen as the holotype. 

The prostomium (fig. 5 g) is distinctly bilobed and continues back as a keel reaching 
setiger 2. The middle of the prostomium is very dark and the single pair of eyes 
was only seen with difficulty. The peristome is swollen and is pigmented ventrally. 
The palps are long, grooved and barred in brown. 

The body is fairly broad and tapers markedly towards the pygidium (fig. 5 7) 
which is not conspicuous, being merely a pair of flattened glandular cushions. In 
some specimens there is a median dorsal ridge stretching from setiger 5 to 7 but this 
is not present on the holotype. The first setiger is rather small but possesses distinct 
notopodial and neuropodial lobes with 3-4 notosetae and several neurosetae. Bran- 
chiae which are always separate from the small notopodial lobes are present on 
setiger 2, 3, 4 (not 5) and then on setiger 6 and all succeeding setigers to about the 
40th, so that the last third of the body lacks gills. 

Notosetae are winged capillaries throughout, there being no specialized notosetae 
in posterior segments. Setiger 5 lacks normal notosetae but has-a short double 
row of enlarged hooks and a few neuropodial capillaries in a separate tuft below. 
The anterior row of hooks (fig. 5 e) consists of 3-4 very stout setae with swollen 
ends in the form of a central cone partially surrounded by a raised margin. The 
posterior row of hooks (fig. 5 f) consists of 3 plain blunt hooks. The anterior 
neurosetae are normal winged capillaries. Bidentate hooded hooks (fig. 5 h) appear 
on setiger 7. Middle segments have 6 and posterior segments only 4. 

This species has a superficial resemblance to B. nairix Séderstrom (1920) since 
the concavity enclosed by the raised margin of the giant hooks is usually filled with 
debris and the whole simulates the fibrillar hooks of the latter species. 


PoLYDORA CAPENSIS Day, 1955. 


Day, 1955, p. 416, fig. 1 k-s. 
Records : FAL.178 (c), 182 (c). 


PoLYDORA HOPLURA Claparede, 1870. 


Fauvel, 1927, p. 50, fig. 17 a-g. 

Records : SB.113(p), 117 (a), 119 (p), 120 (c), 175 (c), 177 (c), 179 (a), 180 (3), 
189 (c), 229 (1), 231 (c), 282 (35), 240 (1). FAL.43 (1), 145 (1), 216 (1), 262 (1), 
280 (1). MB.40 (1), ? 62 (1), 86 (1), ? 87 (1). 

Notes : As Hartman (1951) has shown, this species may be distinguished from 
P. hamata Webster by the bidentate hooks of setiger 5. In the Saldanha Bay speci- 
mens the secondary tooth is twisted while in the Mossel Bay specimens it is not. 
In P. hoplura var. inhaca Day (1957), the large main tooth and the small secondary 
one arise side by side from a flat shelf. 


Potypora cf. GraRDI Mesnil (fig. 5 &). 


P. giardi Day, 1955, p. 415. 

Records : SB.163 (c). 

Notes. : The numerous new specimens from Saldanha Bay cast doubt on the 
identification of the East London material previously reported under the name of 
P. giardi. 
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The characters may be summarized as follows: Prostomium deeply notched 
anteriorly and produced back as a keel reaching setiger 3. No eyes. 1-2 notosetae 
in the first foot. Branchiae start on setiger 9-10 and continue to about setiger 25 
or 30. Enlarged setae of 5th foot 3-4 in number, each with what appears under low 
power to be an accessory tooth, but under high power proves to be a sheath closely 
encircling the main tooth (see fig. 5 &). Bidentate hooded hooks appear in the 
neuropodium of setiger 7. Pygidium small, saucer-shaped, not pigmented. Animals 
found in fine sandy tubes. 

As will be seen the only difference from Fauvel’s 1927 description of P. giardi is 
that the giant setae on segment 5 do not have a simple accessory tooth. Whether 
careful examination of European material will prove that this applies to the true 
P. giardi is unknown, and the final identification of these South African specimens 
must therefore be left open. 


PoLyDoRA FLAVA Claparede, 1870. 
Fauvel, 1927, p. 52, fig. 17 n—w. 
Records : LB.382 (a). FAL.231 (1). 
Notes : This is a new record for South Africa but the specimens are quite typical. 


PoLYDORA ANTENNATA Clapareéde, 1870. 
Fauvel, 1927, p. 56, fig. 19 tm. Day, 1955, p. 415. 
Records : SB.154(p). COP.374 (1). 


Notes: The enlarged hooks of these new specimens are identical with those 
described by me (Day, 1955). 


FAMILY MAGELONIDAE. 


MaGeEtona crnota Ehlers, 1908. 
Ehlers, 1908, p. 111, pl. 15, figs. 9-12. Day, 1957, p. 100. 
Wilson, 9158, p. 620, figs. 2, 3. Kirkegaard, 1959, p. 24. 
Records : MB.37 (1). 


Notes : Wilson (1958) who re-examined Ehlers’ type, has given a careful re- 
description of this species. 


MAGELONA PAPILLICORNIS Muller, 1858. 
Fauvel, 1927, p. 64, fig. 22 a-h. 
Records : SB.226 (5), 239 (1). 


Notes: The type of M. papillicornis comes from St. Catherine Island. Brazil 
and Muller’s description is not complete. Fauvel’s description is based on European 
material which may or may not be conspecific with the Brazilian form. Moreover 
Wilson (1958) has shown that the shape of the parapodial lamellae is a valuable 
specific character and these are very briefly described in Fauvel’s account. For 
these reasons a summary of the characters of the South African specimens is iven 
below. : 

Prostomium spathulate and twice as long as broad ; anterior end smoothl 
rounded ; longitudinal muscles of the prostomium parallel, not strongly develo adi 
In the anterior region the presetal lips of the parapodia are low and rounded nid the 
postsetal lamellae are much larger and tongue-shaped, the neuropodial ones bein 
distinctly smaller than those of the notopodia and inferior in position. In midiion 
setigers 5-8 have an erect digitiform lobe above the notosetae. Setiger 9 is short 
with subsequal presetal and postsetal lipsin both rami of the parapodia. Abdominal 
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segments from setiger 10 onwards have equal tongue-shaped postsetal lamellae in 
both rami curving towards one another. Lateral pockets are found at intervals after 
segment 25. 

Setigers 1-8 have narrow-winged capillaries in both rami. Setiger 9 has wide 
fans of setae which include a few capillaries and numerous stiff setae each with a 
subterminal expansion preceding the fine hooked tip. Abdominal setae are rows of 
hooded hooks each with two small teeth side by side above the main fang. Body up 
to 50 mm. long and uniformly pale in alcohol. 


MAGELONA CAPENSIS n. Sp. (fig. 6 a-h). 


Records: SB.211(1 juv.), 219 (1), 226 (9), 243 (24), 245 (1). WCD.37 (1), 
70 (20 juvs.) FAL.237 (3), 375 (1). SCD.128 (1). 


Description : The holotype is specimen SCD.128L dredged on the Agulhas Bank, 
position 34° 37’ §/21° 56’ E, depth 86 metres, bottom khaki sand. It is incomplete 
and broken into three pieces totalling 35 mm. by 1:5 mm. for 40 segments. It is 
uniformly flesh white in alcohol and there are no pigment markings. 

The prostomium (fig. 6 a) is roughly tongue-shaped, about 1-3 times as long as 
broad. The anterior margin is straight with antero-lateral angles. The prostomium 
contains four muscular bands which diverge anteriorly. The peristome is fused to 
the prostomium and at the junction a pair of very long palps arise from the ventral 
surface. They are papillose for most of their length and four rows of truncate 
papillae (fig. 6 d) were counted. 

The anterior segments increase in length from the first to the 8th, which is almost 
twice as long as broad. The 9th segment is short and rather narrower than the 
anterior ones that precede it and the posterior ones that follow. The notopodial 
lamellae (fig. 6 6) are always larger than the neuropodial ones. The notopodium 
has united pre- and postsetal lips which give rise to a small superior lobe (the ‘ dorsal 
cirrus ’ of some authors) and a much larger inferior tongue-shaped lobe. The neuro- 
podium is rather different. The presetal lip is low but is prolonged inferiorly into a 
tapered projection which joins the triangular postsetal lip. In juveniles from 
SB.211 and WCD.37 both the notopodial and the neuropodial lamellae are tapered. 
Setiger 9 (fig. 6 c) is in some respects transitional between the anterior and the 
posterior region. In the notopodium the cirriform superior lobe disappears, the 
presetal lip remains low but the postsetal lip becomes triangular. The neuropodium 
develops a relatively large triangular postsetal lobe but the inferior presetal lobe is 
reduced to a mere papilla. 

In the abdomen the segments rapidly increase in length. The presetal lips of the 
parapodia (fig. 6 f) remain low throughout although the superior ‘ cirrus ’ above the 
notopodium persists. The postsetal lamellae of both rami however become expanded 
to form oval membranes which overlap laterally between the setae. It is charac- 
teristic that the bases of these lamellae are both constricted. . 

The anterior setae (fig. 6 g) are slender capillaries with relatively broad wings 
tapering to fine points. Setiger 9 has similar setae in the adult but in juveniles the 
tips taper very abruptly and the setae are rather short. The abdominal setae (fig. 
6 e) are the usual hooded hooks with two teeth side by side above the main fang. 
There are about 10 per ramus in the adult type and 6 or 7 in juveniles. 

This species is immediately distinguished from M. papillicornis by the lack of 

‘specialized setae on setiger 9 and by the shorter, more angular prostomium. In these 
respects it is closer to M. cincta Ehlers, M. alleni Wilson and M. obockensis Gravier. 
The lack of a reddish band on setigers 5-8 and the shape of the parapodial lamellae 
separates it from the first two and it was at first thought to be identical with M. 
obockensis since the parapodial lamellae are very alike. However, Gravier (1905) 
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describes and figures special setae in setiger 9 rather like those of M. papillicornis 
which the Cape specimens lack. Moreover the prostomium is longer and less angular 
anteriorly and the abdomen is broader than the thorax. 


TEXtT-FIG. 6. 


Magelona capensis n. sp. (a) anterior end; (b) anterior view of 5th foot; ( c) anterior view of 
9th foot; (d) part of palp to show papillae ; (¢) abdominal hooded hook; (f) 12th (or 
3rd) abdominal foot ; (g) anterior capillary ; (h) 8th and 9th thoracic and anterior ab- 


dominal segments. 
Cirratulus gilchristt n. sp. (j) T/S middle segment; (k) entir : i ; 
jodie gm (k) © worm; (J) capillary seta; (m) 
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FAMILY DISOMIDAE. 


POECILOCHAETUS SERPENS Allen, 1904. 

Allen, 1904, p. 79, pl. 7-12, text-fig. 1. 

Fauvel, 1927, p. 67, fig. 23 a—m. 

Records : SCD.143 (4). 

Notes : Four fragmentary specimens of which the largest, measuring 8 mm. by 
1:6 mm. (including parapodia) has 30 setigers. No posterior ends were obtained 
and the palps had been lost in every case. 

The four specimens agree in detail with Allen’s original description with the minor 
exception that the larger anterior pair of eyes were obviously formed by the fusion 
of two pairs. My specimens however are much smaller than those of Allen and the 
fusion or variation in number of eyes is common in the related family Spionidae. 

Adult specimens of Poecilochaetus have rarely been recorded and one difference 
in interpretation is worth noting. In Fauvel’s account the prostomium is described 
as: “ ... arrondi, petit, avec une courte antenne impaire antérieure conique 
... . My own specimens show very clearly that the anterior ‘ antenna ’ arises 
not from the prostomium but from the dorsal lip below it. This corresponds with 
Allen’s plate 8, figure 8 and his description, p. 86 : “A short median tentacle has its 
origin on the ventral side of the head being placed so far back that when the proboscis 
is completely withdrawn into the body, the base of the tentacle also comes to lie 
actually within the mouth.’ This distinction is important because it means that 
Poecilochaetus cannot be distinguished from Disoma by the possession of an anterior 
antenna but by a cirriform projection of the dorsal lip. There is another point. At 
first sight the forwardly directed setae which encircle the head are reminiscent of the 
cephalic cage of the family Flabelligeridae which also have long grooved palps and 
‘branchial’ filaments which arise from a hood formed from the occipital region of 
the prostomium. Such ‘ branchial ’ filaments are parallelled in Poecilochaetus by the 
three long ‘ nuchal’ filaments which according to Allen’s careful investigations lack 
obvious nerves. In brief, Poecilochaetus when viewed in this light forms a link 
between the families Spionidae and Flabelligeridae. 

This is a new record for South Africa. 


FAMILY CHAETOPTERIDAE. 
CHAETOPTERUS VARIEOPEDATUS Cuvier, 1827. 


Fauvel, 1927, p. 77, fig. 26 a-n. 

Records : LB.299 (1). TRA.135 (1). FAL.21 (1), 56 (1), 80 (1), 95 (1), 117 (0), 
134 (1), 156 (1), 214 (1), 280 (1), 318 (c), 355 (1). MB.9 (1), 16 (1), 20 (1), 53 (3). 
SCD.9 (1). LIZ. 37 (1). 


PHYLLOCHAETOPTERUS SOCIALIS Claparede, 1870. 


Fauvel, 1927, p. 84, fig. 30 a-l. 

Records : SB.175 (fc). W€D.3 (1), 5 (p)- AFR.1758 (1). _TRA.54 (1), 77 (2), 
94 (c), 121 (Ic), 132 (a). False Bay—numerous records by diving and dredging on 
rocky bottoms between 0 and 38 metres. SCD.1 (c), 9 (fc), 32 (5), 89 (c), 120(3,) 


123 ( fe). 


PHYLLOCHAETOPTERUS ELIOTI Crossland, 1903. 


Crossland, 1903, p. 172, pl. 16, figs. 1-3, 8; pl. 17, figs. 10-11. 
Day, 1957, p. 100. 


Records : MB.86 (1). 
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TELEPSAVUS COSTARUM Claparede, 1870. 
Fauvel, 1927, p. 82, fig. 28 a-h. 
Records : FAL.284 (1). 


Notes: The single specimen agrees very well with Fauvel’s description except 
that there are 14 anterior segments instead of 9 and the part of the delicate tube 
that remains is better described as transversely wrinkled than regularly ringed. 
T. costarum has previously been recorded from Madagascar by Fauvel (1919) but 
this is the first record from the Cape. 7’. vitrarium Ehlers (1908) from South West 
Africa has been referred to Phyllochaetopterus and is said to have a black crescent on 
the ventrum of the thorax. 


RANZANIDES CAPENSIS (McIntosh, 1885). 
Ranzania capensis McIntosh, 1885, p. 378, pl. 23a, figs. 19-20. 


Records : FB.306 (1), FAL.228 (1). SCD.143 (9), 150 (1). 

Notes on the type material : McIntosh’s type of Ranzania capensis was dredged 
from 34° 41’ §/18° 36’ E in 98 fathoms. The type material is now in the British 
Museum and consists of several fragments of fragile tubes composed of foraminiferan 
shells cemented together without any sign of rings. The material also includes 4 
fragmentary worms, namely an anterior end of 10 segments, part of an elongate 
middle segment and two posterior fragments. 

As stated by McIntosh the anterior region consists of 9 segments. The tentacles 
have been lost, the lower lip is asymmetrical due to an injury and the special setae 
of setiger 4 are figured by McIntosh. Setiger 10 (the first behind the anterior region) 
has a pair of cylindrical notopodial lobes each with a single projecting seta whose 
tip is curved and pointed. The neuropodium is a swollen ventro-lateral pad with a 
single row of serpuliform uncini each with 9 teeth. The separate middle segment 
has an erect dorsal ramus with an internal seta. In the short posterior segments 
the tip of the notopodium is slightly knobbed. 

Description of the present material: The specimens from the Agulhas Bank 
(SCD.143) are well preserved but the specimens are broken and the tubes are missing. 

The complete worm is probably about 15 mm. long with about 20 segments. 
The anterior end is truncate and fairly stout but thereafter the body tapers evenly 
to the posterior end. The anterior face of the saucer-like buccal segment is flecked 
with brown, the thoracic segments are pale and the posterior region diffusely greenish. 
The pale palps are almost three quarters the length of the whole body. 

As stated, the buccal segment is truncate and saucer-like anteriorly with a dorsal 
notch from which the prostomium projects slightly. On either side of this are the 
very long and grooved palps. A pair of large black eyes are found lateral to the 
bases of the palps but there is no dorsal pair of tentacles. The thoracic region is 
rounded ventrally and flattened or slightly concave dorsally with the notopodia 
extending upward on either side. There are 9 thoracic segments with a thick white 
glandular patch on the ventrum of setigers 7 to 9. The fourth foot has an inferior 
series of 8 thickened brownish setae with obliquely truncate ends and above these a 
sheaf of thinner cultriform setae with blades which increase in length superiorly. 
They are well illustrated by McIntosh (pl. 23a, fig. 19). Most of the blades are 
markedly assymmetrical being thickened along one side and expanded on the other. 
The other thoracic feet lack the stout inferior setae and in their place is a series with 
broad spear-shaped blades. 

The first three or four segments behind the thorax (i.e. setigers 10, 11 and 12) 
are much longer than the succeeding ones. Setiger 10 is the longest and the para- 
podium is at its anterior end just behind setiger 9. The notopodium is a simple 
blunt, erect lobe supported by two internal setae whose tips are slightly expanded 
before the point. The neuropodium is a ventrolateral ridge with numerous serpuli- 
form uncini with 8-10 teeth. Setiger 11 is not well marked off from setiger 10 
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but its parapodium is essentially similar. Setiger 12 is shorter and between the 
parapodia of setigers 11 and 12 is the dorsal cup-shpaed organ where the food-strings 
are gathered into a ball. 

The more posterior segments are progressively shorter and each is swollen dorsally 
so that the limits of the segments now become obvious by intersegmental constric- 
tions. Also the notopodia become slightly swollen towards the tip. None the less 
there is no clear difference between these posterior segments and the longer 10th, 
11th and 12th. 

Ranzanides capensis is close to R. saggitaria but there appears to be a constant 
difference in the number of anterior segments (9 vs. 12) and possibly in the shape 
of the notosetae of anterior abdominal segments (e.g. those of segment 10). Ran- 
zania Claparede (1870) is preoccupied and has been replaced by Ranzanides Chamber- 
lin (1919). It should also be pointed out that the genus Mesochaetopterus Potts 
(1914) is very close to Ranzanides if not identical. Both inhabit fragile sandy tubes, 
both have a single pair of very long palps, both have a fair number of specialized 
setae in the fourth foot, both have a few very long segments following the anterior 
region and both have simple notopodia. Mesochaetopterus is said to have three body 
regions and Ranzanides two, but since, the middle region is only distinguished from 
the posterior one by the length of the segments and these become progressively 
shorter, this is hardly worth generic distinction. 


FAMILY CIRRATULIDAE. 


CIRRIFORMIA CAPENSIS (Schmarda, 1861). 
Cirratulus capensis Schmarda, 1861, p. 56, pl. 27, fig. 213. 
Audouinia australis (Stimpson) Day, 1955, p. 418 with synonymy. 
Records: LAM.8 (1), 18 (2), 51 (2). SB.155 (1), 235(3 juvs.). LB.300 (c), 
382 (p), 391 (p), 414 (c), 472 (1). False Bay—13 records of dredgings between 2 and 
21 metres on rock, sand and shells. 


Notes : The synonymy of the species and the genus are both confused. Hartman 
(1936) stated that the genus Audowinia Quatrefages (1865) was not valid as it had 
been used by Costa (1834) for an Amphipod. Many workers were, however, in 
doubt as to whether Costa’s name had been properly founded. I am grateful to 
Dr. Isabella Gordon of the British Museum for checking that this was in fact the 
case, so that in the Polychaeta Audouinia must be replaced by Cirriformia. More- 
over, as Hartman (1959) has shown, Stimpson’s Cirratulus australis is a homonym 
so that Schmarda’s name capensis must be used. 


CIRRIFORMIA TENTACULATA (Montagu, 1808). 
Audouinia tentaculata Fauvel, 1927, p. 91, fig. 32 a-g. 


Records : LAM.45 (3). TRA.114 (2 juvs.). FAL.107 (1), 349 (2). SCD.50 (fc), 
63 (c), 72 (2). LIZ.2 (5). 


CIRRATULUS FILIFORMIS Keferstein, 1862. 
Fauvel, 1927, p. 94, fig. 33 h. Kirkegaard, 1959, p. 33. 
Records : FAL.214 (1), 371 (3). TRA.152 (1). 


Notes : The body is very long and slender and the colour is purplish brown in 
alcohol. The prostomium is bluntly pointed and lacks eyes. The peristomial 
segment is swollen. The tentacular filaments arise from the first setiger in two 
groups of 3-6 each. Slender gills start on setiger 1 and continue to near the posterior 
end. Each gill arises just above the notosetae. There are no acicular setae at all, 
only slender capillaries in both rami. The parapodial ridges are well developed. 
Specimen FAL.371E collected on 25/2/59 contains ripe eggs. 
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CIRRATULUS GILCHRISTI n. sp. (fig. 6 j-m). 

Records : SB.235 (5). WCD.41 (1). TRA.93 (1 ovigerous female). CP.412 
(1 juv.). FAL.17 (1 juv.), 128 (1 juv.), 149 (1), 246 (1 juv.), 345 (1). 

Description: The type material SB.235 was dredged in Saldanha Bay at 
33° 4’ S/18° 00’ E in a depth of 8-12 metres on a bottom of khaki sand. The holo- 
type (fig. 6 &) is an ovigerous female with well developed eggs and measures 12 mm. 
for 98 segments. It is 1 mm. broad at setiger 6 but is markedly tapered posteriorly. 
It is pale yellow in alcohol. : ; “s 

The prostomium (fig. 6 k) is broadly rounded in front with 4 pairs of eyes in a 
transverse row in the hollotype, but two of the other juvenile specimens have only 
1-2 pairs of eyes. The peristomial segment is broad and wrinkled rather than 
annulated and bears a row of 16 long grooved tentacles at its junction with setiger 1. 
In juvenile specimens there are two series of 4 tentacles with a median gap between 
them. 

The body segments are 3-5 times as broad as long, each arched dorsally (fig. 6 j) 
with the two bundles of setae fairly close together laterally. The branchial filaments 
which begin on setiger 1 and extend almost to the posterior end are fairly long and 
stout and in the middle of the body each arises further above the notosetae than the 
distance which separates the notosetae from the neurosetae. 

Both capillary setae and unidentate hooks are present but their distribution is 
characteristic and is reasonably constant in all the specimens listed above. Capillary 
setae (fig. 6 J) are present in all notopodia from the anterior to the posterior end, 
but they are only present in a few neuropodia. In the holotype they are present in 
the first 6 neuropodia but are absent thereafter ; in the other smaller specimens 
they are present in the first 3 or 4 neuropodia only. The markedly curved hooks 
(fig. 6 m) first appear in the 6th notopodium (or the 8th of the smaller specimens) 
and persist to the posterior end. In the neuropodia they first appear in setiger 2 
(or setiger 4 of the smaller specimens) and after the capillaries disappear in setiger 6 
they are the only neuropodial setae present. In the middle of the body there are 
about 6 capillaries and 5 hooks in the notopodia and 8 hooks in the neuropodia. 

This species is close to the European C. cirratus but is much smaller when adult, 
the acicular setae appear earlier in both rami and the lack of neuropodial capillaries 
from middle and posterior neuropodia segments is quite distinctive. 


CIRRATULUS SP. 
Records : SCD.145 (2). 


Notes : Two small worms each measuring 8 mm. were found which may be 
juveniles or may represent a new species. The prostomium is bluntly pointed with 
one pair of eyes. The tentacles were missing but the scars suggest that there were 
two pairs. The unusual feature is that the branchial filaments which are very long 
and stout are only present on alternate segments from setiger 1 over the anterior 
part of the body. Capillary setae are present in both rami of all parapodia but 
eos acicular setae only appear in the 6th neuropodium and the 12th noto- 
podium. 

More material is required to determine the number of tentacles and to confirm the 
distribution of gills. 


CAULLERIELLA CAPENSIS (Monro, 1930). 


Heterocirrus caput-esocis var. capensis Monro, 1930, p. 156, fig. 61. 
Heterocirrus capensis Day, 1955, p. 418. Kirkegaard, 1959, p. 36. 
? Dodecaceria afra Augener, 1918, p. 468. 


Records : TRA.122 (1). TB.305(1). FAL.327(1). SCD.54 (1). MB.85 (2). 


Notes : Heterocirrus Grube (1855) was erected for a growth stage of what later 
proved to be Dodecaceria. The generic name was thus invalid and in 1914 Southern 
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proposed that all species of Heterocirrus be transferred to Chaetozone. However 
these two genera are not synonymous and in 1919 Chamberlin proposed the new 
name Caulleriella. This has been accepted by Hartman (1959). 

By the courtesy of the Director of the Berlin Museum I have been able to examine 
the types of Dodecaceria afra number V.8763 from Luderitzbucht. There are two 
specimens. The whole body is pale, the prostomium is rounded and the eyes appear 
as two transverse bars of pigment. There is a pair of stout palps and gills from 
setiger 1 to 14, each arising close to the notosetae. As stated by Augener most of 
the setae are broken. A few saw-edged capillaries remain. Young acicular hooks 
still embedded in the skin were unidentate and sigmoid in shape. I saw no sign of a 
bidentate hook and conclude that the one figured by Augener is a seta with a broken 
end. The worm is undoubtedly a species of Caulleriella and the visible characters 
suggest O. capensis but the identity is not so certain that I feel justified in replacing 
the name C. capensis by the earlier name C. afra. 


CAULLERIELLA ACICULA n. sp. (fig. 7 a-d). 


Records : SB.211 (1), 216 (1), 219 (1), 220 (1), 226 (1), 228 (2), 236 (1). WCD.47 
(1), 68 (15). FAL.375 (1). SCD.128 (1), 148 (1). 

Description : The holotype from SB.211 is a well preserved worm measuring 
18 mm. for about 200 segments. It was dredged in Saldanha Bay in 9 metres on a 
bottom of fine grey sand. The prostomium (fig. 7 a) is a long, sharply pointed cone 
with a pair of subdermal eyes. The peristomial segment is rather swollen and 
obscurely triannulate. It forms a prominent lower lip and is prolonged back dorsally 
into the first setiger so that its posterior margin is on a level with the first bundle of 
setae. The setigerous segments are very short (fig. 7 6) and the whole body is flat- 
tened dorso-ventrally. 

The two palps have been lost as so often happens but the scars are still evident 
at the anterior margin of setiger 1 and on another specimen it was seen that the 
palps are 2-3 times as stout as the gills. The very slender branchial filaments arise 
just above the notosetae from the first setiger onwards, and although many are 
missing it is evident that they extend over the whole length of the body. 

The notosetae and neurosetae arise fairly close together after the first 3 or 4. 
Most of the setae are acicular hooks for there are only 3-4 capillaries per segment 
and these are limited to the notopodia. In some of the other specimens they seem 
to be entirely absent. There are 4-6 hooks in each ramus of an anterior foot and 
3-4 in posterior ones. The individual hooks (fig. 7 d) are curved and bidentate 
with a partial hood on the convex side and a shaft which is thickened where it enters 
the skin. The capillaries (fig. 7 c) are very fine and hairlike. 

The only species of Caulleriella recorded from South Africa is C. capensis (Monro), 
which is a much larger species with unidentate hooks without hoods and has capil- 
laries in both rami of all parapodia. C. acicula is obviously related to C. alata 
(Southern) described under the name Chaetozone alata from southern Ireland. This 
also has bidentate hooks with hoods on the convex side of the shaft. However, in 
C. alata the capillaries are more numerous and are present in both rami of the para- 
podia. Moreover the hooks do not appear in the notopodia until setiger 21. 


THYRAX DORSOBRANCHIALIS (Kirkegaard, 1959). 

Cirratulus dorsobranchialis Kirkegaard, 1959, p. 34, figs. 2-3. 

Records : SB.243 (125), 245 (4). WCD.39 (2), 43 (10), 51 (1). FAL.214 (1). 
SCD.127 (1 + 2 juvs.), 180 (1), 143 (2 juvs.), 150 (1 juv.). 

Notes : This threadlike species with its filiform branchiae arising in the mid- 
dorsal line above the greatly expanded notopodial ridges is quite characteristic. 
My observations agree with those of Kirkegaard apart from minor points. The 
prostomium is sharply conical and lacks eyes. As noted by Kirkegaard there are 
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only two long grooved tentacles (or palps) and the setae are all capillaries. This 
species should thus be transferred to the genus Thyrax. The very characteristic 
fusiform dorsal area between the anterior branchiae is well shown by Kirkegaard’s 
fig. 2 but he also shows some of the branchiae as being expanded distally. This did 
not occur in my specimens. Again Kirkegaard’s fig. 3 shows a strongly serrated 
capillary seta. On my specimens none was more than finely saw-edged. 


j 


Text-Frig. 7. 


Caulleriella acicula n. sp. (a) anterior end ; 
(2) bidentate hooded hook. 


Thyrax filibranchia n. sp. teri : i i 
Pe chee fo) erior end; (f) T/S middle segment ; (g) short posterior neuro- 


Dodecaceria capensis n. sp. (4) lateral view of spoon-shaped hook ; (k) lateral view of anterior end. 


(6) T/S middle segment ; (ce) notopodial capillary ; 
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THYRAX FILIBRANCHIA n. Sp. (fig. 7 e-h). 
Records : FAL.314 (9). 


Description : The type material consists of 9 specimens dredged in False Bay 
from station FAL.314 in 26 metres on a sandy bottom. The holotype selected was 
one of the largest specimens and was complete, measuring 18 mm. for about 180 
segments. It is pale and translucent in alcohol with the gut clearly visible through 
the delicate skin. The body is pointed anteriorly, somewhat swollen over the first 
third and then tapers slowly to the posterior end which is flattened. The most 
striking features are the extreme shortness of the segments, the fineness of the thread- 
like branchiae and the fact that in the middle of the body they arise between the 
notosetae and the neurosetae. 

The prostomium (fig. 7 e) is sharply pointed anteriorly but before the mouth it 
suddenly broadens out. There is a single pair of large reniform eyes. The three- 
ringed peristomial segment is considerably broader than the prostomium but not 
much longer. On the dorsal side it pushes back between the first pair of parapodia 
and bears a pair of stout grooved palps at its junction with setiger 1. These organs 
are usually coiled but if straightened would equal a quarter of the body length. 
The first pair of branchiae arise above the first pair of notopodia. They are 
slender cylindrical filaments one-quarter the thickness of the palps. For the first 
50 segments all branchiae arise just above the notosetae but thereafter the gills 
arise between the notosetae and the neurosetae (see fig. 7 f). Posteriorly the gills 
become shorter and even more slender and end about 30 segments from the pygidium 
which bears two short stout cirri. 

In the anterior half of the body all the setae of both rami are long capillaries 
(fig. 7 h) with rather flattened and tapered blades and an oblique breaking plane. 
Towards the posterior end however, a short type of seta appears (fig. 7 g) in the 
neuropodia which is best described as intermediate between a capillary and an acicular 
hook. It is no thicker than the capillaries but does not have the long tapered blade 
of the latter. 


THYRAX MARIONI Saint Joseph, 1894. 


T. marioni Fauvel, 1927, p. 100, fig. 35 a—b. 

? T. multifilis Moore, 1909, p. 267. 

T. multifilis Faavel, 1932, p. 179. Wesenberg-Lund, 1949, p. 332. 
T. multifilis Kirkegaard, 1959, p. 37, fig. 4. 


Records : SCD.128 (5). 


Description : The prostomium is broadly conical and. lacks eyes. The peristome 
is triannulate with the third annulus narrow, well marked and bearing a pair of 
stout grooved palps at its junction with setiger 1. al 

The body is rather stout anteriorly and then tapers slowly to the pygidium. 
It is oval in section with the parapodial ridges well marked and tending to become 
ventro-lateral posteriorly. Anterior segments are short and about 12 times as broad 
as long, but the posterior ones are distinctly longer and only 2 or 3 times as broad 
as long. The branchial filaments arise just above and slightly behind the notopodial 
setae and although the notosetae and neurosetae are close together, the gill is still 
closer to the notosetae. 

The setae are all fine capillaries. Those of the notopodium are longer than those 
of the neuropodium. This is particularly well seen in posterior segments where 
some of the notosetae are as long as the body is broad. Under high power the capil- 
laries seem slightly flattened but no sign of serrations could be seen. Acicular 
setae are absent. 

These South African specimens have been described fully because Kirkegaard 
following Fauvel (1932) and Wesenberg-Lund (1949), has referred specimens from 
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False Bay to 7’. multifilis Moore without stating why they should be separated from 
the older European species 7’. marioni. As far as I can see they agree perfectly 
with the description given by Fauvel (1927). It is possible of course that 7’. multi- 
filis Moore (1909) is a synonym of 7’. marioni Saint Joseph (1894). 


T. marioni differs from 7. filibranchia described above by the lack of eyes, the 
greater length of the segments, the thicker body wall and in the origin of the branchial 
filaments. The same character also separates it from 7’. dorsobranchialis. 


DoDECACERIA CAPENSIS n. sp. (fig. 77-k). 


Records : TRA.116 (Ic). FAL.50 (1 juv.). 


Description : The type material TRA.116 consists of numerous specimens ex- 
tracted from twisted tubes in a ‘lithothamnion’ type of calcareous alga partly 
overgrown by a sponge. It was dredged in False Bay at a depth of 44 metres. The 
holotype is a complete specimen measuring 15 mm. by 0-6 mm. for 100 segments. 
The body is hardly tapered at all but rather flattened posteriorly. The anterior half 
is bgown and the posterior half almost black in alcohol. 


The prostomium (fig. 7 £) is rounded in front, rather like a stout hood over the 
ventral mouth. The peristomial segment is rather long and there is a broader 
annulus at its posterior end which bears the palps and the first two pairs of gills. 
There are four pairs of gills in all as well as a pair of much shorter grooved palps 
and the arrangement of the gills and palps is characteristic. The first two gill fila- 
ments arise from the posterior annulus of the peristomial segment one above and one 
below the palp which is lateral in origin, so that the first gill is dorsal and the second 
ventro-lateral. The third gill arises from the lateral surface of setiger 1 and the 
small fourth one from the lateral surface of setiger 2. Notosetae are lacking from 
setiger 1 of the holotype but in other paratypes the setation is variable. Both 
setiger 1 and 2 may lack notosetae or setiger 2 may have the gill more ventral and 
then the neurosetae are lacking. 


Capillary setae are present in anterior notopodia but decrease after the 10th and 
are absent from a few notopodia after the 14th, but they then reappear and persist . 
to the posterior end. In the neuropodia the distribution of capillaries is about the 
same. Hooks first appear in the neuropodium of the 8th—11th foot and in the noto- 
podium one or two segments later. In the middle segments there are only 3-4 
hooks per ramus or at most 3-4 hooks plus one or two capillaries. In posterior 
segments there are one or two hooks and capillaries in both rami. Individual hooks 
(fig. 7 4) are spoon-shaped. 

It is tempting to equate this species with D. fistulicola Ehlers (1901) from South 
America. Indeed D. fistulicola has been reported from South Africa by Monro 
(1937a) but an examination of Monro’s specimen showed that it was not D. Jistulicola 
and it was renamed D. pulchra. Ehlers’ description is not easy to understand but 
a careful examination of the text and figures shows that it has 16 appendages. This 
total includes 2 palps and 4 pairs of gills on the peristomium plus a pair of gills on 
each of the next three segments (setigers 2, 3 and 4). Thus the total is one pair of 
palps and 7 pairs of gills as compared with one pair of palps and 4 pairs of gills for 
D. capensis. Quite apart from this difference in number and distribution of gills 
it should be noted that Ehlers makes no reference to the lack of notosetae on setiger 1. 


Two other species of Dodecaceria have been reported by me from South Africa, 
namely D. laddi with two pairs of gills on the peristomial segment and first setiger 
respectively and D. pulchra with 4-5 pairs of gills arranged in an inverted V on the 
peristomial segment and the first 3-4 setigers. 
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DoDECACERIA LADDI Hartman, 1954. 
Hartman, 1954, p. 638, fig. 176c, 177 d-h. Day, 1957, p. 102. 
Records : FAL.371 (4). MB.78 (1). 


CHAETOZONE SETOSA Malmgren, 1867. 
Fauvel, 1927, p. 101, fig. 35 d-k. 


Records : SCD.145 (1). 


Notes : This is a new record for South Africa but the single specimen, although 
not quite complete posteriorly, agrees very well with Fauvel’s description. 


FAMILY FLABELLIGERIDAE. 


The buccal apparatus. 

In a personal communication, Dr. Olga Hartman has suggested that the structure 
of the buccal apparatus provides useful taxonomic characters in this family. The 
structures around the mouth are seldom described and for this reason a description 
is given here for all South African species. 


FLABELLIGERA AFFINIS Sars, 1829 (fig. 8 a). 

Fauvel, 1927, p. 113, fig. 40 a-f. 

Records : LAM.4 (1), 16 (2), 22 (2 juvs.), 43 (2). SB.180 (1 juv.), 243 (2 juvs.). 
TRA.54 (1). TB.302 (1), 309 (1). FAL.30 (1), 44 (2), 365 (2). MB.49 (1). 

Notes : Dissection of the head region showed the following structures. The 
cephalic cage is formed of the first setiger. There are 25 notosetae and 25 neurosetae 
on each side so that there are 100 setae in all. Setiger 2 has about 10 smaller noto- 
podial capillaries and 1 ventral compound hook. The buccal apparatus (fig. 8 a) 
is normally retracted in a low sheath. Within this there is a triangular cephalic 
hood from whose thickened margin arise about 60 fine branchial filaments in several 
irregular rows. A median ridge on the inner side of the cephalic hood divides the 
branchial filaments into right and left groups of about 30 each and at its base there 
is a prostomial swelling and a pair of conical projections. The mouth is ventral and 
has two cushion-like posterior lips and a pair of stout grooved palps on either side. 


PHERUSA MONROI (Day, 1957). 

Stylarioides monrot Day, 1957, p. 103, fig. 6 n-p. 

Records : LAM.5 (2), 8 (1), 26 (2), 31 (2), 44 (1). W€D.8 (2), 41 (8). TRA.102 
(1), 121 (1), 122 (1), 123 (1), 152 (1). False Bay—20 records by diving and dredging 
on rock between 2 and 55 metres. MB.9 (8), 13 (2), 27 (1), 49 (2), 62 (2), 67 (7), 
78 (9). LIZ.18 (fe), 35 (10). SCD.32 (6), 40 (4), 54 (2), 69 (1 juv.), 89 (4), 118 (2). 

Notes : As shown by Stop-Bowitz (1948), Stylarioides delle Chiaje (1841) is a 
synonym of Pherusa Oken (1807). As a supplement to my 1957 description of this 
species the following account of the buccal apparatus is given. When everted it is 
seen to be enclosed in a membraneous sheath in which is the mouth guarded by one 
dorsal and two ventro-lateral cushion-like lips, a pair of stout grooved palps with 
frilly edges and what is best described as a dorsal cephalic hood bearing branchial 
(or ? tentacular) filaments. Unless the hood is fully expanded the hood is rolled in 
at the sides and bears along its margin a single series of 14-16 branchial filaments. 
A slight median ridge along the inner side of the hood bears 4 eyes at its thickened 
base and indistinctly divides the marginal series of filaments into right and left 
groups of 7-8 each. It is stressed that the filaments are really in a single series for 
the inrolling of the hood at the sides gives the appearance of two lateral bunches of 
filaments. 
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PHERUSA LAEVIS (Stimpson, 1856). 

Stylarioides xanthotrichus Augner, 1918, p. 430, text-fig. 40. 

Stylarioides laevis Day, 1955, p. 421 with synonymy. SA 

Records : LAM.4 (2), 13 (1), 18 (1), 26 (2), 27 (2), 31 (4), 35 (1). : ; 
216 (1). WCD.8 (5), 34 (1), 41 (6). TRA.71 (1), 127 (1), 152 (1). FAL.302 (1). 

Notes : The buccal apparatus which is enclosed in a membraneous sheath includes 
the mouth guarded by a dorsal and two ventro-lateral cushion-like lips, a pair of 
long grooved palps and a dorsal cephalic hood bearing branchial filaments. The hood 
is normally rolled in at the sides and its edge bears a single series of 35-40 filaments. 
When half expanded these appear as right and left groups of 17-20 each. The 
median ridge is indistinct but the base is thickened and bears 4 eyes. 


PHERUSA SWAKOPIANA (Augener, 1918). 
Stylarioides swakopianus Augener, 1918, p. 433, pl. 7, fig. 234, text-figs. 61-62 with synonymy. 
S. swakopianus Monro, 1930, p. 159. Monro, 1936, p. 163. Kirkegaard, 1959, p. 40. 
Records : SB.202 (6), 203 (6), 205 (2), 219 (2 juvs.), 220 (3 juvs.), 228 (2 + 12 
juvs.), 229 (1 juv.), 243 (7 juvs.), 245 (juvs. c). AFR.1224 (1), 1335 (2), 1532 (1). 
TRA.143 (2). WCD.15 (17), 19 (1), 21 (7), 23 (1), 28 (10), 38 (fe), 46 (c), 47 (2 + 4 
juvs.), 70 (3). FAL.206 (2), 238 (1), 341 (1), 359 (1 juv.). SCD.25 (1), 50 (1), 126 (3). 


Descryption : This species has caused considerable difficulty partly due to the 
confusion of text and figures in Ehlers (1908) between this species and P. xanthotricha 
(Schmarda) and partly because Augener stated that the neuropodial hooks start on 
setiger 4 and not 3 as is actually the case. The abundant material obtained from 
dredgings all around South Africa and the re-examination of Monro’s specimens 
from Tristan da Cunha now allows me to extend and correct Augener’s original 
description. 

The body is up to 30 mm. long for 50 segments of which the anterior 20-23 measur- 
ing 20 mm. are stout and sausage-shaped while the last 28-30 measuring 10 mm. 
are abruptly narrowed to form a slender tail which is often twisted. The whole 
surface of the adult is densely covered with elongate muddy papillae which give a 
shaggy appearance except where the papillae have been rubbed off. In juveniles 
the papillae are sparser and more conical and the tail is not so distinct. Adult 
papillae are 6-10 times as long as broad and are evenly distributed. 

The cephalic cage, which is 1/3 to 1/4 the length of the stout sausage-shaped part 
of the body, consists of the elongated notosetae and neurosetae of the first two 
segments. Each of the 4 rami of these two segments contributes 6—8 setae to the 
total of 28 on the right and left sides of the cage. All cage setae are supported by 
very elongate papillae with knobbed tips. 

The buccal apparatus is enclosed in a membraneous sheath and consists of a 
mouth with lips, a pair of palps and a dorsal cephalic hood bearing branchial fila- 
ments. The three lips are much longer than in other South African species of the 
genus. ‘Thus the dorsal one is tongue-shaped and the two ventro-lateral ones are a 
little smaller and narrower but obviously contractile for they are sometimes short 
and sometimes long. The palps are long and grooved with frilly edges. The cephalic 
hood is rolled inwards at each side and its edge bears about 50 somewhat flattened 
branchial filaments, which, unless the hood is expanded, appear as two bunches of 
20 joined by a few dorsal ones. A median ridge could not be detected on the inner 
side of the cephalic hood and no eyes were seen at its base. 

Anterior body segments have about 4 fine capillaries per notopodium, but posterior 
ones have fewer. Short neuropodial hooks start on setiger 3 (i.e. immediately behind 
the cage) but the first few are no longer than the skin papillae and thus difficult to 
find. Also they are easily broken and this may have led Augener to state that the 
hooks start on setiger 4. For the first 17 or 18 segments there is only one hook per 
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neuropodium, but posteriorly, where the body narrows to form the tail, there are 2 
and then 3 or 4. The tail itself bears setae similar to those on the stout anterior 
part of the body but they are very small and difficult to find among the papillae. 
All hooks are smooth, boldly curved and end in a single sharp point. 

The comparison of these species with P. laevis (which is synonymous with: T'ro- 
phonia xanthotricha Schmarda) shows that they are distinct in every respect. More- 


over P. swakopiana lives in muddy sand below tide marks while P. laevis lives on 
rock. 


TExtT-FIG. 8. 


i is Sars. (a) anterior view of buccal apparatus (dissected). j 
ete n. sp. 3) anterior view of buccal apparatus (dissected) ; (c) entire worm ; 
d) part of surface showing skin papillae and setae. ; 
Pierce pear Kinberg. (e) ventral view of dissected buccal apparatus with the sheath 
behind. 
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PHERUSA SALDANHA Nn. sp. (fig. 8 b-d). 
Records : SB.177 (1), 179 (2), 189 (1). SCD.33 (1). 


Description : The type material SB.177 dredged in Saldanha Bay in 15 metres 
on a_bottom of shelly sand and rock consists of a single specimen which was selected 
as the holotype. It measures 28 mm. for 65 segments. It is muddy brown in 
alcohol. The head is truncate in front and the body (fig. 8 c) is swollen to a breadth 
of 6 mm. at setiger 9, but then tapers fairly evenly to a slender tail 1mm. thick. 
The whole surface (fig. 8 d) is velvety due to innumerable short blunt papillae, each 
cylindrical and about twice as long as broad. However, the papillae are not all 
uniform in length for a narrow ring of longer papillae encircles each segment at the 
level of the setae. 

The cephalic cage (fig. 8 c) is well developed but consists of only a few unusually 
stout setae. It is formed by the elongated capillaries of the first two segments, of 
which the notopodia contribute 3-4 setae and the neuropodia 4-5 so that the setae 
of all 4 rami total about 17 on each side of the cage. The cage is supported by 
claviform papillae and is 1/4 or 1/5 the length of the body. 

The buccal apparatus was dissected from one of the smaller paratypes whose 
branchial filaments were partly everted. The buccal sheath (fig. 8 6) is short and 
there are no enlarged papillae on the margin of the introvert. The cephalic hood is 
rolled in at the sides and bears a single series of about 32 branchial filaments along 
its margin. These form two lateral groups of 16 each, divided by a median ridge 
on the inner side of the cephalic hood at the base of which eye-spots were seen. The 
two small palps are grooved and shorter than the branchial filaments. The mouth 
is guarded by three protuberant lips, one dorsal and two ventro-lateral. 

The body segments have few setae. The third setiger has 1-3 small fine capillaries 
in both rami. From the 4th setiger to the end of the tail each notopodium bears 
1-2 small capillaries and each neuropodium bears a single stout, simple hook with 
a sharp curved apex and a shaft which is not visibly barred (see fig. 8 d). 

This species may be distinguished from P. swakopianus by the smaller surface 
papillae, the fewer setae in the cage, the rounded versus elongate lips, the hooks 
starting on setiger 4 not 3 and the fact that there is only a single hook not 3-4 per 
neuropodium at the base of the tail. P. laevis also has a single hook per neuro- 
podium starting on setiger 4 but here the skin papillae are squat and restricted to 
two sparse rows per segment and there are more than twice as many cage setae. 
Probably P. saldanha comes closest to P. tropicus (Augener, 1918) but the latter is 
said to have a shaggy surface like P. swakopianus, it also has more branchial filaments 
and 3-4 neuropodial hooks per segment towards the end of the body. 


Genus Prromis Kinberg, 1867. 


Hartman (1948), who re-examined the type of. P. arenosus from Port Natal 
(Durban), suggests that contrary to the generally accepted view, Piromis is distinct 
from Stylarioides delle Chiaje (1841) and thus from Pherusa Oken (1807). A dissection 
of the buccal apparatus has revealed important differences hitherto undescribed and 
a summary of the diagnostic characters of Piromis is given below. 

Body elongate, evenly tapered posteriorly, tetragonal in section. Surface papil- 
lose and covered with a sandy or muddy crust. Buccal apparatus retractile into a 
sheath and includes a mouth with dorsal and ventral lips, a pair of grooved palps 
and a tongue-shaped cephalic hood bearing two longitudinal patches of nue 
similar branchial filaments on its inner or ventral surface. Prostomial lobe with 
4 eyes. Cephalic cage poorly differentiated from later segments. Notosetae as 
crenulate capillaries. Neurosetae of the cage similar to the notosetae but later 
ones as pseudocompound hooks with multiarticulate shafts and unidentate or bi 
dentate apices. ; 
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Apart from the type species P. arenosus, it is probable that Trophonia eruca 
Claparede (1870) belongs here ; also Pycnoderma fernandense Augener (1918) but 
not Pycnoderma congoense Grube (1877), which has flagelliform neurosetae and is 
covered by a heavy clear cuticle (see Monro, 1930). 


PIROMIS ARENOSUS Kinberg, 1867 (fig. 8 e). 


Trophonia capensis McIntosh, 1885, p. 363, pl. 44, figs. 7-8, pl. 23a, figs. 1-3. 

Stylarioides capensis Monro, 1933, p. 502. Day, 1934, p. 63. 

Stylarioides arenosus Day, 1951, p. 49. Day, 1955, p. 421. 

Piromis arenosus Hartman, 1948, p. 117, pl. 15, figs. 7-9. 

Records : LB.299(1). TRA.152(1). SCD.40(1), 58 (1). MB.9 (1), 78 (1). 
LIZ.18 (1). 


Short description : A large species reaching 90 mm. with about 60 segments. 
Body evenly tapered and without a distinct tail. The whole surface encrusted with 
sand below which are 12 rows of conical papillae—4 dorsally, 4 ventrally and 2 on 
each side between the notopodia and neuropodia. Cephalic cage not sharply dif- 
ferentiated from later setae but may be said to consist of 3 setigers. Setiger 1 
supplies 9 dorsal and 7 ventral capillaries, setiger 2 supplies 7 dorsal and 5 ventral 
capillaries, setiger 3 about 6 dorsal capillaries and 5 long ventral setae some of which 
may end in minute bidentate hooks. Thereafter the notopodia have 4-6 capillaries 
and the neuropodia have 4-8 multiarticulate or pseudocompound hooks, some of 
which end in unidentate and some in bidentate hooks. A dorsal tentaculiform 
process ends in 2-6 papillae over the introvert. The buccal sheath is long and 
membraneous. The cephalic hood (fig. 8 e) is tongue-shaped and bears on its ventral 
surface two elongate groups of irregularly arranged, cylindrical branchial filaments, 
about 100 on each side of the median groove. Prostomial lobe at base of cephalic 
hood with 4 eyes. Palps very long, grooved and frilled. Mouth with an over- 
hanging dorsal lip and a semicircular ventral one. 


PIRoMIS sp. 
Records : SCD.9 (1). 


Notes : Asingle specimen measuring 20 mm. was obtained. The head is damaged 
but there is no sign of a cephalic cage. A thin film of mud and mucus forms a delicate 
coat which covers the body. Below this is a scattering of conical papillae, longer 
laterally and more numerous dorsally and ventrally. Notosetae are 4-5 stout 
capillaries with long internodes between the annulations and fine flagelliform tips. 
Neurosetae are 4-5 stout pseudocompound hooks ending in falcate, unidentate 
blades. 

DIPLOCIRRUS CAPENSIS n. sp. (fig. 9 a-f). 

Records : SCD.9 (2), 96 (1 juv.). 

Description : The type material dredged at station SCD.9 at 34° 15’ §/25° 05’ E, 
depth 11 metres on a bottom of shell and rock, consists of two fragmentary speci- 
mens. The most complete has 18 segments and measures 12 mm. It is designated 
the holotype. 

The body is arenicoliform with a slightly swollen anterior region about 2 mm. 
broad. Here the segmental boundaries are not sharp but the body tapers back to a 
tail region 1 mm. broad, where the segments are moniliform. The worm is circular 
in section and covered with small conical adhesive papillae. The whole worm is 
muddy brown. ; 

There is no cephalic cage. In fact the first one or two setigers are retracted into 
the introvert and their setae are fewer and smaller than those on posterior segments. 
Thus the first and second setigers each have 2-3 fine notosetae and 4-6 shorter, 
stouter neurosetae ; further back on the swollen part of the body there are about 
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6 setae in each ramus and at the beginning of the moniliform tail region there are 
10-12 notosetae which are as long as the body is broad, and 5-6 shorter neurosetae. 
The nature of the skin papillae also changes over the body. They are always some- 
what tapered but those around the introvert are short and almost cylindrical, those 
on the dorsum and ventrum of anterior segments are very swollen at the base and 
best described as flask-shaped (fig. 9 a), while those around the setae and in the 
posterior part of the body are longer and more bottle-shaped (fig. 9 b). 

The buccal apparatus (fig. 9 c) was retracted and had to be dissected. It is 
enclosed in a delicate sheath and includes a semicircular cephalic hood dorsally, a 
pair of palps laterally, a ventral mouth and a central swelling which probably repre- 
sents an ill-defined prostomium. The cephalic hood is short and stout and bears 
8 cirriform branchiae; 6 of these arise from the margin of the hood while the other 
two which are similar in size and shape to the marginal ones arise from the inner 
surface of the hood on either side of a median ridge leading to the prostomial swelling. 
It is emphasized that all the cirriform branchiae are similar since in other species of 
the genus Diplocirrus the marginal branchiae are shorter and stouter than the inner ones. 

The median ridge and central prostomial swelling are separated by a transverse 
groove but this may be merely the result of contraction since ocular pigment is 
present on the ridge which may represent 2 or 4 eye-spots. The stout grooved palps 
are 2 to 3 times the thickness of the cirriform branchiae. The ventral mouth is 
large and surrounded by a puckered lip. 

Close examination failed to reveal a nephridial papilla on setiger 4 or 5. If it is 
present it can hardly be larger than one of the skin papillae. 

The setae are all very clearly annulated. The notosetae (fig. 9 d) taper evenly to 
hairlike tips and the annulations are separated by internodes 1:5 to 3 times the 
thickness of the seta. The neurosetae (fig. 9 e) are considerably shorter and about 
1:5 times the thickness of the notosetae, and their annulations which are separated 
by internodes about 1-5 times as long as broad, are indented. When viewed from 
the side a clear area is seen at the node. This is particularly well marked near the 
tip of the seta (fig. 9 f) which curves over to form a minute blunt hook. 

This species is referred to Diplocirrus with some hesitation since its inclusion 
within the genus will demand some broadening of the generic characters. At present 
the genus is said to have an outer marginal series of branchiae which are stout and 
cirriform and an inner group of long slender ones. In D. capensis the branchiae are 
all essentially similar. Again there is no cephalic cage and the neurosetae have a 
minute terminal hook. Both of these characters conflict with the diagnosis given 
by Fauvel (1927). It is suggested that the genus be redefined as follows : 

Body arenicoliform, sometimes with a tail region of moniliform segments. Surface 
densely covered with adhesive papillae. Buccal apparatus invaginable and includes 
a dorsal cephalic hood bearing a few marginal branchiae and a second often slender 
series arising from its inner surface ; a prostomial swelling often with ocular pigment 
and a pair of stout, grooved palps on either side ; mouth with poorly marked lips. 
Notosetae are annulated capillaries ; neurosetae annulated, shorter and stouter than 
the notosetae and having bent or hooked tips. The setae of the first 2 or 3 segments 
may be elongated to form a cephalic cage. Nephridial papillae sometimes visible on 
setiger 5. Type species : T'rophonia glauca Malmgren (1867). 


BRaDA VILLOSA (Rathke) CAPENSIS var. nov. (fig. 9 g-m). 
? Brada villosa Augener, 1931, p. 308. 
Records : WCD. 64 (1 juvs.). SCD.143 (8). 


Description : These South African specimen are assi i 

: gned to a variety of B. 
villosa as the skin papillae are longer than usual and half the length of each nade 
is unarticulated. 
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The largest specimen from SCD.143 is designated the holotype and measured 
15 mm. for 36 segments. The body is maggot-shaped, rather flattened ventrally 
and 1-8 mm. broad at setiger 10. It is only slightly tapered towards the truncate 


TEXT-FIG. 9. 


J i i 5 illa from the 
iploct n.sp. (a) Papilla from the anterior dorsal surface; (b) papil 
ee orien ; ane gees. view of buccal apparatus (dissected) ; (d) notoseta; (e) 
ta ; tip of neuroseta. ; 
Brada Ee oe ee var. nov. (g) papilla from the dorsal surface ; (h) papilla from 
a parapodium ; (j) papilla from the ventral surface ; (&) anterior view of buccal apparatus 
(dissected) ; (/) notoseta ; (m) neuroseta. 


ities. ‘The segments and parapodia are well defined and the surface is covered 
Sn penile The Aagil ones (fig. 9 g) are long and tapered (about 8 to 10 times 
as long as broad) and even longer ones (fig. 9 h) about 12 times as long as broad are’ 
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clustered around the parapodia. The ventral ones (fig. 9 j) are much smaller, roughly 
cylindrical but only 3-4 times as long as broad. All of these papillae as well as the 
skin are adhesive and consequently the body is sandy particularly on the dorsum. 

The first bundle of notosetae is longer than the rest. There are about 8 setae 
per bundle and they arise close to the 4 similar neurosetae. In later segments the 
notosetae and neurosetae arise farther apart and the setigerous lobes become distinct 
conical projections surrounded by long papillae. An average parapodium has 6 
longer, finer notosetae and 5 shorter and stouter neurosetae. Setiger 5 bears a pair 
of large nephridial papillae anteroventral to the neuropodium, but this was not seen 
on the two smaller paratypes. ‘ . 

The buccal apparatus (fig. 9 k) was retracted and had to be dissected. It is 
surrounded by a short delicate sheath and consists of a dorsal semicircle of branchial 
filaments arising from a poorly developed cephalic hood, an indistinct prostomial 
prominence in the centre above the mouth and a pair of stout palps on either side. 
There are about 30 to 40 similar branchial filaments arranged in 3-4 irregular rows 
which together form a dorsal arc. They are not clearly divided in the median line 
to form two lateral groups as has been described for European specimens of B. villosa, 
and each filament is rather short and stout, having roughly the proportions of a long 
finger. The central ‘ prostomial ’ prominence is ill-defined and somewhat triangular, 
but no sign of eye-spots could be found. The mouth below is shaped rather like 
that of a rabbit with a dorsal lip, two dorso-lateral ones and one wider ventral one 
but none of these are swollen or protuberant as are those of species of Pherusa. 
In this retracted condition, the palps are short and stout—hardly longer than the 
branchial filaments, but of course very much stouter and deeply grooved along one 
side. | 

The setae from one of the middle segments include 6 longer and finer notosetae 
and 5 shorter, stouter neurosetae. An individual notoseta (fig. 9 1) is distinctly 
annulated to its fine hairlike tip. Half way along its length the distance between the 
articulations is 3 times the thickness of the seta, but towards the base the distance is 
much less and towards the extremity the distance is much more so that the length 
of the nodes increases from base to hairlike tip. The reverse is true of the stouter 
neurosetae (see fig. 9 m). Here the distance between the articulations is about 
1/2 or 1/3 of the thickness of the shaft at the base and is reduced to 1/4 or 1/8 half 
way along the seta where the articulations end. The distal half of the neuroseta is 
not articulated at all and continues unjointed to the fine pointed tip. 

According to the descriptions of Indian Ocean species given by Fauvel (1953) 
and of North Atlantic species given by Stop-Bowitz (1948), the main taxonomic 
characters are the shape of the skin-papillae and the setae. The buccal apparatus 
has not been used. On this basis these South African specimens are closest to B. 
villosa, which has already been recorded by Augener (1931) from Walvis Bay in 
South West Africa. His rather brief description agrees with mine, 


FAMILY OPHELIIDAE. 


TRAVISIA FORBESH Johnston, 1840. 
Fauvel, 1927, p. 138, fig. 48 g-zk. 


Records : FAL.184 (5), 187 (1), 205 (2), 241 (2), 341 (1). 


Notes : This species has already been reported from False Bay by Ehlers (1908). 
The present specimens differ only in having 28 setigers plus one achaetous pre-anal 
segment instead of 27. The ventral surfaces of posterior segments are smooth 
though intersegmental fillets are visible in contracted specimens. In 7’. kerguelensis 


the ventral surface is serrated. The pygidial funnel is 1-5 times as long as the 20th 
segment, 
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OPHELIA AFRICANA Tebble, 1953. 
Tebble, 1953, p. 365, fig. 1. 
Records : 'TB.301 (1), 321 (3). 


Short description : The discovery of 3 specimens measuring 45, 50 and 70 mm. 
respectively shows clearly that Tebble’s holotype is a juvenile. The diagnostic 
characters of the three adults differ slightly from Tebble’s original description and 
may be summarized as follows : 

Body mauve in colour, fusiform in shape, swollen anteriorly and deeply grooved 
from setiger 8. Body formula 9a + 28b (3b — 8b) + 2a + 2n = 41, there being 
9 anterior abranchiate setigers, 28 branchiferous setigers (of which the 3rd to 8th 
bear nephridiopores anteroventral to the neuropodia), 2 abranchiate posterior setigers 
and 2 segments without parapodia or setae in front of the pygidium. Branchial 
fenestrations (pits in the lateral body wall) are present on all branchiferous segments 
and where best marked, each of the 5 annuli of the segment has 3 irregular rows 
above the gill. There are lateral swellings on setigers 36-39 and fine longitudinal 
furrows on the dorsal and lateral walls of segments 40, 41 and the pygidium. Two 
large anal papillae project from the ventral part of the pygidium. 

As shown by Tebble the juvenile had a slightly different formula, namely 
9a + 27b + 3a + In = 40 and neither nephridiopores nor branchial fenestrations 
were visible. The adult characters place O. africana even closer to the South American 
O. formosa Kinberg than was thought, but the two species may still be distinguished 
by the fact that O. formosa has 6 posterior abranchiate setigers while O. africana 
has only 2. 


OPHELIA AGULHANA N. sp. (fig. 10 a). 


Records : FAL.211 (2), 341 (1), 378 (1). 


Description : Five specimens were obtained from dredgings in False Bay, of 
which the largest from station FAL.211 was selected as the holotype. It was pinkish 
when alive but is now creamy white in alcohol. The body is 32 mm. long, fusiform 
in shape and grooved ventrally from setiger 7. There are 9 anterior abranchiate 
setigers. Twenty-five branchiferous segments (with nephridiopores from the 8rd to 
the 8th), 2 posterior abranchiate setigers followed by two annuli in front of the 
pygidium which are best interpreted as part of the last setiger (see fig. 10a). Accord- 
ing to Tebble’s scheme the formula is 9a + 25b(3b — 8b) + 2a + n = 37. 

The prostomium is a sharply pointed cone with the mouth as a transverse ventral 
slip opposite the first bundle of setae. There are minute pits or ‘ branchial fenestra- 
tions ’ in the lateral body wall of the branchiferous segments. An interramal papilla 
is present and from the first branchiferous segment onwards the notosetae are twice 
the length of the neuroseta. A pair of crimped dorso-lateral ridges extend from the 
last two branchiferous segments to the pygidium. The pygidium itself bears two 
stout conical anal papillae ventrally and about 15 small ones dorsally. 

The specimens described above are close to O. africana but Tebble has shown that 
the total number of segments in the body and the disposition of the branchiferous 
segments is very constant. Certainly in all the 5 specimens recorded above there 
are exactly 37 body segments of which 25 bear branchiae as against 40-41 body 
segments of which 27-28 bear branchiae in O. africana. If one considers the table 
given by Tebble (1953, p. 365) one must either regard O. pulchella Tebble from 
California, O. formosa Kinberg from Argentina, O. africana Tebble from Table Bay 
and the present O. agulhana from False Bay as conspecific or keep them all separate. 
It is suggested that this is the best course to follow until more material from all 


these localities has been examined. 
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OPHELIA CAPENSIS Kirkegaard, 1959. 
Kirkegaard, 1959, p. 45, fig. 8. 
Records : FAL.248 (1). 


: ingle specimen of 12 mm. was dredged in False Bay with 10 anterior 
eee 18 branchiferous setigers, 4 posterior abranchiate setigers ‘aliatied 
immediately by the pygidium. It thus differs from Kirkegaard’s pore Den only 
in the lack of achaetous posterior segments. Kirkegaard records 4 of ici ut this 
total includes the pygidium itself and his specimen had only 3 postbranchia ferns 
as against 4 in the present one. To sum up, the difference amounts to two doubtfu 


TExt-Fic. 10. 
Ophelia agulhana n.sp. (a) lateral view of posterior end. 
Ophelia anomala n. sp. (b) Lateral view of posterior end. 


Parasclerocheilus capensis n. sp. (c) anterior end ; (d) 40th foot; (e) acicular seta from noto- 
podium of setiger 1; (f) forked seta. 
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achaetous segments preceding the pygidium and the distinction’ between achaetous 
segments and annuli is notoriously difficult. 


OPHELIA ANOMALA n. sp. (fig. 10). 
Records : LAM.41 (1); FAL.243 (3). 


Description : The type material consists of three specimens dredged at station 
FAL.243 in False Bay. The largest measuring 40 mm. was selected as the holotype. 
It is quite white in alcohol and is characterized by the complete absence of gills. There 
is no possibility that they have fallen off. 

The prostomium is conical with the mouth as a transverse ventral slit posterior 
to the first bundle of setae. There is a marked constriction of the body behind 
setiger 2. The whole body is elongated and fusiform with the usual well-marked 
ventral and lateral grooves from setiger 7. There are 26 setigers and two annuli 
behind the last one which bears setae (see fig. 10 b). These annuli are considered to 
be part of the last setiger but might be reckoned as an achaetous segment in front 
of the pygidium. Narrow dorso-lateral ridges which are longitudinally crimped 
extend from the last two setigers to the pygidium. The latter bears two stout 
ventral cirri and an arc of 16-18 small dorsal ones. 

The parapodia are quite normal for the genus Ophelia, each with a small noto- 
podial lobe, an interramal organ, a neuropodium with a low presetal lip and a notched 
postsetal one. The setae are all short. There are about 16 capillary setae in each 
ramus and the notosetae are about 1-4 times as long as the neruosetae. Nephridial 
pores occur on setigers 11-14. Gills are entirely absent and neither branchial 
fenestrations (pits in the lateral body wall) nor lateral eyes nor ventral cirri were seen. 

The discovery of these abranchiate specimens immediately raised the question 
as to whether they should really be referred to the genus Ophelia or to some other 
genus such as Polyophthalmus or Tachytrypane. However, the present specimens 
have all the characters of Ophelia apart from the lack of gills, and the other two 
genera mentioned are quite easily distinguished by a variety of other characters. 
Indeed the most appropriate name would be Ophelia abranchiata, but this might 
lead to confusion with Ophelina abranchiata Stop-Bowitz (1948) from Greenland. 
The latter has a ventral groove along the whole length of the body, 18 setigers and 
a very stumpy pygidium. 

It is obvious that the generic characters of both Ophelia and Ophelina will have 
to be amended to include abranchiate species. 


OPHELINA cf. ACUMINATA Oersted, 1843. 


Records : SCD.140 (1 juv.), 150 (1 juv.). 

Notes : The two specimens are similar, each measuring 7 mm. for 24 setigers 
with branchiae from the 2nd to the 24th, one achaetous posterior segment and a 
long anal funnel. The anus opens postero-ventrally and its end is surrounded by 
6 small subequal, conical papillae. There is no elongated ventral cirrus on the 
pygidium but it may have broken off. A well marked ventral groove and paired 
lateral grooves are present from setiger 2 to the pygidium. 

The parapodia are small and details somewhat uncertain, but there appear to be 
minute notopodial and neuropodial lobes ; a ventral cirrus if present is not obvious, 
The setae are about as long as the segments and the cirriform branchiae are alla 
little shorter. No lateral eyes are present. 

Stop-Bowitz (1945) states that Ophelina acuminata Oersted (1843) antedates 
Ammotrypane aulogaster Rathke founded in the same year. The present specimens 
may well be juveniles of O. acuminata since there are branchiae on almost all the 
setigers and the anal funnel opens ventrally. But there are many fewer than the 
50 segments reported for adult European specimens. McIntosh (1925) recorded. 
Ammotrypane aulogaster from dredgings off Natal and the Cape. 
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ARMANDIA INTERMEDIA Fauvel, 1902. 
Fauvel, 1902, p. 86, figs. 29-30. Day, 1957, p. 104. 
Records : FAL.334 (1). MB.66 (1), 74 (1). 


ARMANDIA LEPTOCIRRIS Grube, 1878. 
Fauvel, 1919, p. 435. Day, 1951, p. 50. 
Records : SCD.82 (1). 


FAMILY SCALIBREGMIDAE. 
HyYBOSCOLEX LONGISETA Schmarda, 1861. 
Lipobranchius capensis Willey, 1904, p. 266, pl. 13, figs. 23-24, pl. 14, fig. 14. 


Records : AFR.967 (1). FAL.51 (1), 103 (1), 248 (1). MB.87 (1), 88 (1). 
SCD.22 (1), 118 (2). LIZ.2 (1), 35 (1). 


SCALIBREGMA INFLATUM Rathke, 1843. 

Fauvel, 1927, p. 123, fig. 44 af. 

Kirkegaard, 1959. p. 45. 

Records : WCD.51 (1), 64 (1), 79 (3 juvs.), 80 (1). FAL.237 (1 ovigerous female). 
SCD.123 (2), 127 (1 juv.), 145 (5 + 4 juvs.). 

Notes : The South African specimens agree well with Fauvel’s description with 
the one exception that the capillaries appear to be quite smooth and not minutely 
denticulate as stated. It may also be noted that the setigerous lobes are small 
anteriorly, vestigial in the middle of the body and become apparent again after 
the 18th segment. From the 16th segment onwards, swellings appear above and 
below the setigerous lobes and these become elongated further back to form long, 
conical dorsal and ventral cirri. 


POLYPHYSIA CRASSA (Oersted, 1843). 
Eumenia crassa Fauvel, 1927, p. 127, fig. 45 i-k. 
Records : AFR.728 (2). 


Notes : The single ovigerous female obtained measured 12 mm. for 33 setigers. 
It is rather like an insect grub and is pale brown in alcohol. 

The prostomium is deeply bilobed, lacks eyes and is embedded in the achaetous 
buccal segment. The body segments are triannulate and the surface is tessellated. 
The parapodia consist of two swollen setigerous lobes each with a bundle of long 
straight capillaries and a few short forked setae feathered on the inside of the prongs. 
Dorsal and ventral cirri are absent and interramal organs were not seen. Small 
branched gills occur behind the notopodia of setigers 3, 4 and 5. 

Furreg (1925) showed that Humenia Oersted is preoccupied and that Oersted’s 
species must be referred to Polyphysia Quatrefages. This has now been accepted 
by Stop-Bowitz (1945a) and Hartman (1959). 

According to Oersted the type had 6 pairs of branchiae whereas the present 
specimens have only 3. However, Stop-Bowitz (1945a) has shown that the full 
tee is only attained by mature adults and that small juveniles may even lack 
gills. 

This is a new record for South Africa. 


Notes on the type of Eumenia reticulata McIntosh, 1885 


Only two species of Humenia have been recorded from the southern hemisphere 
and while attempting to identify the South African material, E. reticulata McIntosh 
(1885) recorded from New Zealand was examined in the British Museum. Its reference 
number is 1885 : 12 : 1 : 258. The material consists of 3 well preserved specimens, 
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one we which is complete and measures 20 mm. for 33 segments. It is arenicoliform 
in shape. 

The prostomium has lateral projections but is without eyes though nuchal slits 
are evident. The buccal segment is achaetous and there are no gills or acicular on 
anterior segments. The -parapodia are rudimentary for the first 12 setigers but 
thereafter two conical setigerous lobes appear. These become better marked 
posteriorly and develop lamellar expansions on the upper sides of the notopodia and 
lower sides of the neuropodia. There are no signs of dorsal or ventral cirri. McIntosh 
has noted the presence of forked setae among the capillaries. 

As will be evident from the shape of the body and prostomium, the lack of gills, 
acicula, or dorsal and ventral cirri, this is certainly not a species of Polyphysia, but 
is close to Schmarda’s genus Hyboscolex. Furreg (1925) has stated that H. reticulata 
is a synonym of Pseudoscalibregma parvum Hansen from Norway, but this is doubtful. 

The second species of Euwmenia recorded from the southern hemisphere is £. 
oculata Ehlers (1901) from the Argentine. However, in 1913 Ehlers himself referred 
this species to Oncoscolex dichranochaetus Schmarda. As Augener (1918, p. 427) 
has shown the genera Oncoscolex and Hyboscolex are doubtfully distinct. They 
certainly do not resemble Polyphysia so that the present record of this genus from 
South Africa is probably the first from the Southern Hemisphere. 


PARASCLEROCHEILUS CAPENSIS n. sp. (fig. 10 c-f). 


Records : LB.520 (1). FAL.316 (1). MB.88 (1). LIZ.37 (1). 

Description : The holotype is the large specimen LB.520A from a rocky shore 
in Langebaan Lagoon. It was blood red when alive but is now brownish in alcohol 
and measures 30 mm. for 60 segments. It is arenicoliform in shape and slightly 
flattened dorsoventrally. 

The prostomium (fig. 10 c) is T-shaped with divergent frontal lobes and large 
ocular patches on either side partly concealed by the buccal segment into which the 
base of the prostomium is retracted. The buccal segment is achaetous, narrow 
laterally and not visible ventrally so that the posterior lip is formed by the first 
setiger. 

The first 4 segments have 2 annuli and all subsequent ones have 4. The para- 
podia are well developed and biramous with a pair of swollen setigerous lobes and 
an interramal organ or ciliated button between them. Dorsal cirri are absent but 
a small ventral cirrus appears 2/3 the way along the body (see fig. 10 d). It is a 
digitiform papilla arising from the postero-ventral part of the neuropodium. The 
pygidium of the holotype is not well preserved but 4 anal cirri were seen on other 
specimens. 

Bushy branching gills arise from a common base behind the notopodia of setigers 
2to7. The largest is the last one on setiger 7 and has up to 100 digitiform terminal 
branches which are half as long as the setae. Setiger 1 has 5-6 stout curved acicular 
setae in the notopodium (fig. 10 e) plus a few fine capillaries. The neuropodium has 
capillaries only, though the absence of forked setae could not be finally checked for 
fear of damaging the type. All subsequent setigers bear numerous long capillaries 
and a few short forked setae in both rami. The capillaries are cylindrical and finely 
tapered without any ornamentation. The forked setae (fig. 10 f) have unequal 
prongs both of which are feathered on their inner margins. 

Several minor differences were noted among the other smaller specimens recorded 
above. MB.88F has 4 acicular setae instead of 5 and the gills are on setigers 2-6 
instead of 2-7. LIZ.37E is identical with the holotype but no eyes are visible pos- 
sibly because the prostomium is retracted too far back into the buccal segment. 
MB.61S is identical with the holotype but is badly preserved. 

This species shows affinities to both Schlerocheilus Grube and Parasclerocheilus 
Fauvel. Like Sclerocheilus minutus Grube it has the notopodial acicular setae 
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confined to the first setiger and the ventral cirri originate below the neurosetae. 
However Sclerocheilus lacks gills. Parasclerocheilus has notopodial acicular setae on 
the first 4 setigers and gills are present but the ‘ventral’ cirrus arises above the 
neurosetae in posterior segments. ; au? 

The present specimens have been referred to Parasclerocheilus because it is felt 
that the presence or absence of gills is of greater significance than the number of 
segments with acicular setae or the exact origin of the ventral cirrus. 


FAMILY CAPITELLIDAE. 


CAPITELLA CAPITATA (Fabricius, 1780). 

Fauvel, 1927, p. 154, fig. 55 a-h. 

Records : SH.168 (p), ? 204 (p), 366 (fc). 

Notes : Some of the specimens on experimental plates submerged in Table Bay 
were typical, but others (SH.204B) had an unusual distribution of setae and may 
represent a separate variety. In the notopodia of the females there are capillaries 
in setigers 1-7 and hooks in setigers 8-9. In the neuropodia there are capillaries in 
setigers 1-6, capillaries plus hooks in setiger 7 and hooks only in setigers 8 and 9. 
In the notopodia of males there are capillaries in setigers 1-4, capillaries plus hooks 
in setigers 5-6, hooks only in 7 and genital setae in 8-9. In the neuropodia setigers 
1-4 have capillaries, setigers 5-6 have capillaries plus hooks and setigers 7-9 have 
hooks only. 


MEDIOMASTUS CAPENSIS n. sp. (fig. 11 ad). 


Records : SB.211 (1 juv.), 214 (2), 226 (3), 232 (13), 236 (2), 239 (12), 243 (12). 
WCD.26 (2), 61 (1), 63 (1), 64 (3), 66 (1), 68(10), 70 (32), 79 (1 juv.).. SCD.130 (2 
juvs.). 

Description : The type material consists of 8 fairly complete specimens dredged 
at Station SB.232 in Saldanha Bay, position 33° 04’ S/18° 00’ E, depth 8-12 metres, 
bottom khaki sand. 

All the specimens are coiled or twisted, but an average specimen which was 
complete measured 14 mm. for 60 segments. It was selected as the holotype. It hasa 
maximum diameter of 0-5 mm. in the middle of the thorax and is flesh-white in alcohol. 

The prostomium (fig. 11 a) is conical and consists of a blunt papilla mounted on 
a much broader base. There are no eyes nor can I see the nuchal slits. The buccal 
segment is stout and the pharynx which is everted in one of the specimens, appears 
smooth. The anterior or thoracic region consists of 11 segments, namely the 
achaetous buccal segment (segment 1) four biannulate segments bearing capillaries 
in both rami (segments 2-5) and then six biannulate to multiannulate segments 
bearing long hooks in both rami (segments 6-11). 

The thorax (fig. 11 a) is narrowed posteriorly and the first abdominal segment is 
swollen so that the two regions are quite distinct. Each abdominal segment is 
rather broader than long, rather flattened and thick-walled ventrally and swollen 
and thin-walled dorsally. Posteriorly where the intersegmental constrictions are 
well marked (fig. 11 6), the thin dorsal skin bulges out so that the body here is monili- 
form. The parapodia on the other hand are poorly marked. There are no gills or 
branchial projections and the rows of hooks are ill-defined. The notopodial and 
neuropodial rows of hooks are evenly spaced around the body and are to be found 
towards the back of each segment just in front of the intersegmental constriction. 
Neither lateral organs nor nephridial apertures could be identified with certainty. 
There are indentations on the sides of the body between the notopodia and neuro- 
podia but whether these are merely wrinkles in the skin or actual openings in the 
body wall was impossible to say without sectioning. 
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The pygidium bears a single, ventral digitiform cirrus. 

The hooks (fig. 11 ¢ and d) have hoods that are over twice as long as broad. The 
main fang is stout and is surmounted by 8-10 equal denticles arranged in two arcs 
one above the other, so that the first or lower arc consists of a semicircle of 5-6 
denticles and the second or upper arc consists of 3-4. 

The only other species of the genus Mediomastus that has been described is M. 
californiensis Hartman (1944), which is the type species. It has lateral organs on 
all thoracic segments and three nephridiopores between setigers 7-10. Such struc- 
tures were not seen on M. capensis. However, the shape of the hooks is quite distinc- 
tive. In M. californiensis there are only 3 denticles in a triangle above the rostrum 
and in M. capensis there are 8-10 in two arcs. 


NOTOMASTUS LATERICEUS Sars (1851). 

Fauvel, 1927, p. 148, fig. 49 a-h. 

Kirkegaard, 1959, p. 48. 

Records : WCD.80 (2). SB.203 (1). LB.191 (1). TRA.80 (4). FAL.117 (2). 
SCD.130 (2 juvs.), 150 (2 + 3 juvs.). 

Notes : In different species of Notomastus the length of the rows of neuropodial 
hooks on anterior abdominal segments seems to be constant. In N. latericeus from 
South Africa recorded above and by McIntosh (1925) the rows of neuropodial hooks 
almost meet on the mid-ventral line. I am informed by Dr. Kirkegaard that speci- 
mens from northern Europe and Iceland agree in this respect. 


NOTOMASTUS ABERANS Day, 1957. 

Day, 1957, p. 105, fig. 7 a-b. 

Records : CP.381 (2). 

Notes : This species, which lacks neuropodial but not notopodial setae on the 
first thoracic setiger, may also be distinguished from N. latericeus by the shortness 
of the rows of neuropodial hooks on anterior abdominal segments. The ventral gap 
between the rows is longer than the rows themselves. Further the individual hooks 
have hoods which are more than twice as long as broad, whereas in JN. latericeus 
they are not more than 1-5 times as long as broad. 


DASYBRANCHUS BIPARTITUS (Schmarda, 1861). 

Day, 1955, p. 424, fig. 3 f-g. 

D. caducus (? Grube) Kirkegaard, 1959, p. 50. 

Records : SB.170 (p). TB.310 (1). FAL.106 (1), 117 (2). MB.13 (2), 23 (1 juv.), 
66 (2), 74 (1 juv.), 85 (2), 87 (3). LIZ.35 (3). 

Notes : Kirkegaard’s specimens are stated to have long-hooded hooks. He 
prefers to use the name D. caducus (Grube). There is doubt as to whether Grube’s 
type had long-hooded or short-hooded hooks. D. bipartitus certainly has long- 
hooded hooks and I feel that this name should be retained to avoid confusion. 


FAMILY OWENIIDAE. 


OwENIA FUSIFORMIS Delle Chiaje, 1844. 
Fauvel, 1927, p. 208, fig. 71 a-f. 
Kirkegaard, 1959, p. 66. 
Records : WCD.26 (1), 49 (1). SB.179 (2), 208 (8). TRA.74 (3), 77 (a), 80 (c), 
85 (3), 88 (4), 135 (1), 143 (2). FAL.241 (1). 
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FAMILY STERNASPIDAE. 


STERNASPIS SCUTATA (Renier, 1807). 
Fauvel, 1927, p. 216, fig. 76 a-g. 
Records : TRA.91 (3) ; LIZ.23 (c). SCD.50 (1), 72 (11). 
Notes : This is a new record for South Africa but the specimens are quite typical. 
Augener (1918) recorded S. scutata var. fossor from Angola but according to Fauvel 
this variety is not distinct from the stem form. 


FAMILY MALDANIDAE. 


Genus CLYMENE Savigny.—Several workers, including Arwidsson (1922) and 
Hartman (1959), have pointed out that not only is Clymene preoccupied but it was 
also founded on three indeterminate species one of which was probably a species of 
Nicomache. Thus in spite of the fact that it has gained respectability with long 
usage it must be replaced by valid and more accurately defined genera. The genus 
Prazilla is also preoccupied and the bulk of the species of Clymene and Praxilla must 
be referred to Verrill’s genera Huclymene, Macroclymene and Prazillella. Unfortun- 
ately the distinction between the first two is based on the structure of the pygidium. 
This is often missing, and in any case the degree to which the anal cone protrudes 
from the pygidial funnel and the development of the ventral valve are not really 
good characters on which to separate genera. Possibly the distinction between 
species which have smooth tipped neuropodial acicular setae and those with dentate 
tips would be more helpful but this would mean introducing a new generic name 
where there are too many already. Until a thorough revision of the whole family 
is undertaken the generic names Huclymene, Macroclymene and Prazillella will be 
retained. 

South African representatives of the old genera Clymene and Pravilla are renamed 
as follows : 

Clymene lyrocephala Schmarda, 1861 = Euclymene lyrocephala (Schm.). 
Clymene microcephala Schmarda, 1861 = ? Nicomache lumbricalis (Fabr.). 
Clymene glandularis Day = Euclymene glandularis (Day). 

Clymene mossambica Day = Euclymene mossambica (Day). 

Clymene natalensis Day = Euclymene natalensis (Day). 

Clymene saldanha Day = Macroclymene saldanha (Day). 


Praxilla capensis McIntosh (1885), dredged off the Cape is indeterminate. As 
shown earlier (Day, 1955, p. 428) the type material does not include a posterior end. 
In spite of this McIntosh (1904) referred it to a variety of Prazillella praetermissa 
(which -it is not) and more recently Kirkegaard (1959) referred specimens from 
tropical West Africa to Clymene (Prawillella) capensis, McIntosh. 


EUCLYMENE GLANDULARIS (Day, 1955). 
Clymene glandularis Day, 1955, p. 427, fig. 3 a-e. 
Records : MB.67 (1). 


EUCLYMENE LUDERITZIANA Augener, 1918. 


Augener, 1918, p. 481, pl. 6, figs. 144-145 ; pl. 7, figs. 186, 215; text-fig. 77. 
Day, 1955, p. 427. 


Records : SB.163(p). LB.190 (p). 


EUCLYMENE LOMBRICOIDES (Quatrefages, 1865). 
Clymene (Huclymene) lumbricoides Fauvel, 1927, p. 172, fig. 59 a-i. 
Records : LB.323 (10). 
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EUCLYMENE NATALENSIS (Day, 1957). 
Clymene natalensis Day, 1957, p. 107, fig. 7 c-d. 
Records : SCD.149 (3 juvs.). 


? MACROCLYMENE. 
Records : SCD.128 (1 fragment). 


Notes : Only a posterior fragment of several short campanulate setigers was 
obtained. The interesting feature is that there is an unusually large number (7-8) 
very short achaetous preanals preceding the pygidial ring and funnel. The funnel 
itself has 18-20 unequal anal cirri but lacks a ventral valve. 


NICOMACHE LUMBRICALIS (Fabricius, 1780). 
Fauvel, 1927, p. 190, fig. 66 a—7. 
Records : LB.323 (6). 


JOHNSTONIA KNYSNA Day, 1955. 
Day, 1955, p. 429, fig. 4 e-7. 
Records : TRA.68 (1) ; LIZ.23 (1). 


ASYCHIS CAPENSIS n. sp. (figs. 11 e-g). 

Records : SB.180(3), 199 (7 juvs.), 211 (2 juvs.), 212(6+ 1 juv.), 226 (1), 
228 (2 juvs.), 238 (1), 240 (1 juv.). WCD. 46(3), 80 (1 juv.). TRA.27 (1), 80 (1), 
143 (2). FAL.187 (5), 206 (1). MB.42 (1). SCD.18 (3), 125 (4), 126 (3). 

Description : The holotype is a complete specimen extracted from a tube of 
hardened mud dredged at station SB.180 in Saldanha Bay at a depth of 25-5 metres 
on a black muddy bottom. It measures 120 mm. by 4 mm. for 21 segments and 
when fresh the head was flecked with brown, but this has now faded in alcohol. 

The prostomium (fig. 11 e) is broad and flattened above, semicircular in front 
with strongly curved nuchal slits on the sides. Eye-spots are absent. The cephalic 
plate is a long oval without a cephalic crest, the surface being merely faintly convex. 
The cephalic rim is very deep and from the posterior end it slopes forward to form 
a sheath or hood over a large part of the cephalic plate. The rim is deeply incised 
laterally but is otherwise smooth and the general effect is a pair of large lateral flaps 
and a deep posterior pocket which partially covers them and the cephalic plate. 

Behind the achaetous buccal segment there are 19 setigers, 1 or possibly 2 poorly 
marked achaetous preanals and the pygidium. The first 8 setigers increase in length, 
the 9th-13th are the same length as the 8th and thereafter the segments become 
shorter again. The first 5 setigers are diffusely glandular, the 6th has an anterior 
glandular band but thereafter glands are restricted to the neuropodia. 

The anus (fig. 11 f) is dorsal and behind it is an anal plate at right angles to the 
body. The raised margin of the anal plate is deeply incised laterally and notched 
ventrally to form about 9 scallops and there is a pair of swellings on the sides of the 
pygidium. 

‘Anterior notosetae include stout, winged capillaries and fine, faintly spira 1 setae 
with feathered blades. These become more numerous posteriorly. The first setiger 
lacks neurosetae but each subsequent one has a vertical row of hooks. Each hook 
(fig. 11 g) has a large main fang surmounted by transverse arcs of teeth. There are 
5 large teeth in the first arc, and about 20 smaller teeth in the second arc, which 
extends down on either side of the main fang ; the dental formula would thus be 
MF : 5 : 20. 

Several species of Maldane and Asychis apparently have heads flecked with brown. 
Among these is A. theodort Augener (1926) from New Zealand, which has several 
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i i i i . But Augener 
other characters in common with these South African specimens. 
stresses the fact that anterior segments of A. theodori have collars, indeed the first 


TExt-Fie. 11. 
Mediomastus capensis n. sp. (a) lateral view of anterior end ; (6) posterior moniliform segments ; 
(c) lateral view of hook ; (d) front view of hook. 
Asychis capensis n. sp. (e) dorsal view of head and first two setigers ; ( f) lateral view of posterior 
end; (g) hook. 
Maldanella capensis n. sp. (h) dorso-lateral view of anterior end; (7) lateral view of posterior 
end; (k) hook from setiger 6. 


one covers part of the buccal segment. Further, Augener’s figure of the head shows 
longer nuchal slits and a lower cephalic rim than on the present specimens. In the 
description of A. theodori by Fauvel (1932) a cephalic keel is described ; there is no 


mention of a collar on setiger 1 nor a deep pocket-like cephalic rim, but his example 
had a regenerating anterior end. 


A. capensis may be close to A. theodori but appears to be distinct. 
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MALDANE sarsiI Malmgren, 1866. 

Fauvel, 1927, p. 197, fig. 69 a-i. 

McIntosh, 1925, p. 74. 

Records : 'TRA.43 (1). 

Notes : This is the specimen recorded by McIntosh (1925), and differs in some 
respects from the description of European material given by Fauvel. 

The anal plate has a narrow strongly chitinished rim which is smooth apart from 
a notch on each side. The hooks have a series of denticles arranged in transverse 
ares above the main fang. The first arc has 5-7 large teeth in the middle and 3 
smaller teeth on either side ; the second has about 20 teeth and the third about 
40. Possibly there are further teeth hidden behind the crest of the hook. 

The only other record of Maldane from southern Africa is that of Monro (1930, 
p. 169) who refers 8 specimens dredged off Angola to Maldane decorata Grube. This 
material was examined in the British Museum and proved to belong to the genus 
Asychis. It is definitely not M. decorata. 


AXIOTHELLA cf. QUADRIMACULATA Augener, 1914, 

Augener, 1914, p. 70, pl. 1, fig. 10, text-fig. 10. 

Day, 1957, p. 111, fig. 8 a-d. 

Records : WCD.41 (2). FAL.113 (3), 131 (2), 134 (8), 144 (1), 159 (7), 178 (2), 
373 (2). GP.14 (4), 421 (3). 

Notes : Numerous small specimens were obtained from closely packed sandy 
tubes attached to Algae. They were only 10-20 mm. long but some contain struc- 
tures like large eggs. They agree closely with the description given by me (Day, 
1957) except that the characteristic pigment marks were lacking. The present 
specimens were quite colourless apart from the eye spots, and it should be noted 
that the pigmentation of A. guadrimaculata does not disappear in alcohol. 


MALDANELLA CAPENSIS n. sp. (fig. 11 A-k). 
Records : SCD.40 (2). 


Description : The type material from station SCD.40 dredged off the Transkei 
coast in 47 metres on a rocky bottom, includes two specimens extracted from hard 
sandy tubes. One specimen is an anterior fragment with 16 setigers and the thoer 
is complete. The latter has been selected as the holotype and measures 45 mm. by 
2 mm. for 24 segments. : Slee 

The head (fig. 11 4) has a rounded cephalic plate inclined forwards. The pro- 
stomium is broad and smoothly curved in front with numerous minute brown eye- 
spots on the lower surface and a smaller group mediad to the nuchal groove. The 
cephalic plate is surrounded by a very low rim which is deeply notched laterally and 
smoothly curved posteriorly. There is a median cephalic ridge on either side of 
which broad straight nuchal grooves extend back half the length of the plate. 

The buccal segment is achaetous. Then follow 19 short setigers, 4 short achaetous 
preanals (fig. 11 j) and the pygidial ring and funnel. The first seven segments are 
about as broad as long but later segments lengthen to become twice as long as broad. 
The four preanals together are shorter than the last two setigers and the pygidium 
is about equal to the last setiger. The funnel is encircled by 30 cirri of unequal 
length and the anus is sunken within the funnel without an obvious ventral valve. 

Setigers 1-6 are diffusely glandular and setigers 7-10 have a pair of broad glandular 
streaks dorsally between the notopodia. The streaks extend continuously from the 
anterior margin of setiger 7 over the whole length of setigers 7-9 but end on the 
anterior half of setiger 10. Thereafter the only visible glands are the swellings on 

dia. 
BN hess are of two types: capillaries with narrow wings and fairly broad 
forms with feathered blades. Neurosetae are absent from setiger 1 which thus has 
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notosetae only. There are 2 neuropodial hooks on setiger 2, 3-5 on setiger 3 and 
long vertical rows on subsequent segments. The hooks on setiger 2 are slightly 
modified with only 3-4 teeth above the main fang and few tendons below. All later 
hooks (fig. 11 £) have a vertical series of 5 teeth above the main fang (which is bent 
down at an acute angle) and has very fine tendons immediately below. 

Maldanella McIntosh (1885) was erected for three species which are not clearly 
defined. Chamberlin (1919, p. 412) selected M. antarctica McIntosh as the type 
species and defined the characters of the genus. This has been accepted by later 
workers. Maldanella is close to the genus Aviothella but differs from the latter by 
the lack of neuropodial hooks on setiger 1. Few species of Maldanella have been 
described and most of them come from very deep water. The number of achaetous 
preanals, the number of neuropodial hooks in setiger 2, the presence or absence of 
eyes and feathered notopodial setae seem to provide the most important specific 
characters. As far as I am aware M. capensis with 4 short preanals, eye-spots and 
feathered notopodial capillaries, is quite distinctive. 


RHOopDINE cf. GRACILIOR Arwidsson. 


Records : WCD.3 (1 fragment), 53 (1). SCD.149 (1 juv.). 

Notes : All the specimens are anterior fragments and none can be identified with 
certainty, but as the genus is new to South Africa they are worth recording. 

The prostomium is a thickened arc over the mouth. There are no eyes nor a 
cephalic plate but a marked cephalic keel is present. On either side of this there are 
short nuchal grooves which diverge sharply to the sides just behind the prostomium. 
The buccal segment is featureless and certainly has no cuticular papillae, although a 
transverse ridge marks its junction with setiger 1. The latter is very long, about 
twice the length of the prostomium plus buccal segment or equal to the combined 
lengths of setigers 2 and 3. The latter two setigers have well developed collars 
having a shallow dorsal notch but no other type of sculpturing. Setiger 4 is shorter 
than 3 and is brownish and markedly glandular, even more so than the other anterior 
segments. Setigers 1-4 lack neurosetae but a double row of hooks is present from 
setiger 5 to 11 which is the end of the longest fragment. In lateral view each hook 
is similar to that figured by Arwidsson (1906, pl. 7, fig. 237) but in face view it can 
be seen that there is really one transverse arc of about 7 teeth above the main fang. 

In the juvenile specimen the cephalic crest is not well developed, setiger 1 is only 
one-and-a-half times as long as the prostomium plus buccal segment, but the other 
features agree with the adult fragments. The neuropodial hooks are interesting. 
They are in an alternating row not two distinct rows, and they are avicular with a 
swelling at the inflection of the shaft as in the juveniles of other Maldanid genera. 

As noted none of the specimens is complete and Arwidsson has used the delevop- 
ment and sculpturing of the collars of the posterior segments to distinguish R. loveni 
and R. gracilior. However the absence of neurosetae on setigers 14 and the double 
rows of avicular hooks on posterior segments show that these fragments belong to 
the genus Rhodine. The dorsal notches in the collars of setigers 2 and 3 suggest 
R. gracilior, though it should be noted that Wesenberg-Lund (1949) and Kirkegaard 
(1959) state that R. gracilior has a row of cuticular papillae on the dorsal side of setiger 
1. R. antarctica Gravier (1911) is easily distinguished by the lack of a cephalic keel. 


MALDANID g. et sp. ? 

Records : SCD.130 (1 fragment). 

Notes : Only a pygidium plus two achaetous preanals was obtained, but it is 
quite characteristic for the anal funnel (which lacks a ventral valve) is surrounded 
by 28-30 extremely long filiform anal cirri. Each cirrus is longer than the whole 
pygidium or the diameter of the anal funnel. 
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FAMILY SABELLARIIDAE. 


SABELLARIA SPINULOSA Leuckart var. ALCOCKI Gravier, 1906. 
Fauvel, 1927, p. 211, fig. 73 k—m. 


Records :_ MB.77 (1).- SCD.69 (1), 96 (1). LIZ.1 (a), 35 (fe). 


Notes on the type of Sabellaria fucicola Augener, 1918. 


Augener, 1918, p. 496, pl. 6, fig. 158, text-fig. 81, described 8. fucicola from 
Luderitzbucht. This material number V.8767 was kindly sent to me for examination 
by the Director of the Berlin Museum. Fauvel (1927, p. 211) regards S. fucicola as a 
synonym of S. spinulosa var. alcocki Grav. However, a side-by-side comparison 
showed that while they are close they are not identical. In fucicola the cleft 
between the opercular peduncles is shallow not deep, and the setae in the cleft 


are spinulose not plain and acicular. I feel that Augener’s species should be renamed 
S. spinulosa var. fucicola. 


GUNNAREA CAPENSIS (Schmarda, 1861). 


Sabellaria capensis McIntosh, 1885, p. 418, pl. 25a, figs. 24-25, pl. 26a, figs. 11-12. 
Gunnarea capensis Kirkegaard, 1959, p. 70. 


Records : LAM.23 (1). SB.140 (a). FAL.51 (3). MB.9 (3), 40 (2), 49 (3), 67 (3). 
SCD.40 (4), 54 (1), 89 (2). LIZ.35 (2). 
Notes : This species is almost certainly restricted to within a few feet of the low 


tide mark and these records are probably due to the material breaking away during 
storms and being carried into deeper water. 


FAMILY PECTINARIIDAE. 


PECTINARIA CAPENSIS (Pallas, 1778). 


McIntosh, 1904, p. 76, pl. 7, figs. 35 a-b, fig. 36. 
Day, 1955, p. 432. 


Records : WCD.21 (3 juvs.). SB.177 (1), 199 (1), 202(1 juv.), 219 (1 juv.), 
243 (1 juv.). LB.239 (1), 300 (1). TRA.84 (1). 


PECTINARIA (LAGIS) NEAPOLITANA Claparede, 1870. 


Hessle, 1917, p. 79, text-fig. 1 6. 
Pectinaris (Lagis) pseudokorent Day, 1955, p. 432, fig. 5 a-c. 


Records : TB.301 (1). TRA.110 (1). FB.317 (4), 319 (2). FAL.341 (1). KNY.11 
(1). SCD.9 (1), 25 (1), 109 (1). LIZ.19 (1), 24 (c). 

Notes : This species which is close to P. korent may be distinguished by the veil 
being partly fused to the paleal segment. This is well shown by Hessle’s diagram 


(text-fig. 16) and although the South African specimens have fewer cirri on the margin 
of the veil I believe them to be conspecific with the Mediterranean form P. neapolitana. 


FAMILY AMPHARETIDAE. 


There is no doubt that this family is urgently in need of revision. Fifty genera 
have been erected, many of which are monotypic and others poorly defined. No 
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revision will be attempted here, but certain points must be mentioned so that the 
South African species can be described in unambiguous terms. 

The anterior segments of the Ampharetidae have been telescoped. Evidence of 
this is to be seen in the branchiae which have often lost their segmental arrangement 
and are crowded together to form a group or even a transverse row across the dorsum 
of the paleal segment. Comparisons of Amphicteis gunneri and A. posterobranchiata 
in Fauvel (1953), figs. 213 and 214 show this very clearly and further evidence is 
given below under Amphicteis gunneri and Lysippe agulhasensis. Hessle (1917) has 
shown that some of the nephridia have been suppressed and that the first one in 
front of the diaphragm may be enlarged and open on the branchial ridge two segments 
in front of its primitive position. The notosetae of the first branchiferous segment 
may be enlarged to form paleae, they may be normal or even absent. Similarly 
the next bundle of notosetae are often small or absent. In the Melinninae the noto- 
setae of the first branchial segment are always absent but there are fine acicular 
setae in the neuropodium. 

As a result of these reductions and distortions the anterior segments are difficult 
to number. Hessle (1917) who has made the most comprehensive revision of the 
family yet attempted recognizes only one two-ringed segment between the pros- 
tomium and the paleal segment, so that he regards the paleal segment as segment 
II, the last segment before the diaphragm as segment IV and the first uncigerous 
segment as VI. Fauvel (1927, p. 225) after reviewing earlier work, recognizes two 
achaetous segments between the prostomium and the paleal segment, so that the 
latter becomes segment III. He then goes on to say that the first uncigerous segment 
in Ampharete and Melinna is segment VI and the first uncigerous segment of Amphic- 
teis is segment VII. In brief Hessle’s system of numbering the anterior segments 
differs from that of Fauvel. 

Many workers have used the number of thoracic setigers to define genera without 
stating which system they were using and without stating whether the paleal segment 
was included in the number of thoracic setigers or not. As a result statements such 
as ‘Segment IV lacks notosetae ’ or ‘ there are 17 thoracic setigers ’ are ambiguous. 

After making several dissections, Fauvel’s view that the paleal segment is segment 
IIT is accepted here. The last segment before the diaphragm then becomes segment 
V. It is also proposed that the first uncigerous segment is segment VII in all genera. 
This is clearly seen in Amphicteis and in Ampharete it is suggested that the notopodium 
of the segment behind the paleae (segment IV) which is reduced in many genera has 
been lost completely in others. In Samytha the paleae are lacking and the first 
uncini correspond with the fourth bundle of notosetae, i.e. 4 segments behind segment 
III or segment VII. In Sabellides the paleae and the next bundle of notosetae may 
both be absent (i.e. no notosetae on segments III and IV) so that the first uncini 
may correspond with the third bundle of notosetae, which is again segment VII. 
The same is true of Neosabellides. 

In the Melinninae paleae are absent but segment III bears the first branchiae 
and the first row of acicular neurosetae. Following this are three segments (Iv, Vv 
and VI) the first of which (segment IV) bears notopodial hooks and neuropodial 
acicula, the second (segment V) bears notopodial capillaries and neuropodial acicula 
and the third (segment VI) bears notopodial capillaries and (in some species only) 
neuropodial acicula. Then comes the first uncigerous segment which is thus segment 
VII. In Wesenberg-Lund’s genus Jrana for all four segments (III, IV, V and VI) 
eee the first uncini bear neuropodial acicula. 

o summarize the segment which bears the first branchiae is recogni 
III and the segment which bears the first uncini is segment VII in tt eee sae 

Segment III may have paleae, capillary notosetae or no setae at all. Segment 
IV also may lack notosetae or have very few. Even segment V may lack notosetae. 
In the Melinninae segment IV often has stout hooks. The best reference point is 
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the first uncigerous segment. The number of uncigerous segments with notoseate 
should be stated and the condition of more anterior segments described separately. 


AMPHICTEIS GUNNERI (Sars, 1835). 

Fauvel, 1927, p. 231, fiz. 80 a-k. 

Kirkegaard, 1959, p. 77. 

Records: WCD.26(1), 46(1+ 1 juv.), 64 (4). TRA.68 (5), 74 (2), 77 (1), 
80 ( fc), 88 (4). FB.306 (1), 320(1). FAL.117 (2), 205(1), 214(1), 341 (1). 
LIZ.24 (1). SCD.25 (1), 50 (c). 

Notes : These South African specimens agree very well with Fauvel’s description 
of the external characters. However, dissection showed that there are 5 pairs of 
nephridia and not 4 pairs as stated by Hessle (1917). The first pair is slightly smaller 
than the rest and lies in segment V, just anterior to the diaphragm. Behind the 
diaphragm are 4 pairs corresponding to segments VI, VII (first uncigerous segment), 
VIII and IX. 

Although the branchiae are arranged with three filaments on the branchial ridge 
and one just behind, the blood vessels show their primitive segmental arrangement 
quite clearly. The dorsal vessel is enlarged over the first four setigers and has four 
pairs of branches which run out at right angles. The first three are in front of the 
diaphragm and run to segment III (the paleal segment), IV and V respectively 
while the fourth runs behind the diaphragm to segment VI. On reaching the lateral 
body wall the vessels curve round above the dorsal longitudinal muscles and run 
forward and medially just below the surface to the four gills above the paleae. 


AMPHARETE ACUTIFRONS Grube, 1860. 

Ampharete grubet Fauvel, 1927, p. 227, fig. 79 a—p. 

Records : SCD.9 (1). 

Notes : The single specimen agrees well with Fauvel’s description except that 
there is no sign of an achaetous notopodium on segment IV which follows the paleal 
segment. 

PTERAMPHARETE LUDERITZI Augener, 1918. 

Augener, 1918, p. 505, pl. 7, figs. 222-224, text-fig. 84. 

Kirkegaard, 1959, p. 75, fig. 18. 

Records : SB.119 (1), 202 (p), 208 (4), 205 (c), 207 (3), 210 (12 + 1 juv.), 212 (6), 
219 (30 + 6 juvs.), 220 (100), 226 (14 + 80 juvs.), 228 (a), 239 (6 + 9 juvs.), 240 (14 
juvs.), 242 (9 + 34 juvs.), 245 (a). TRA.104 (1). WCD.15 (1), 19 (1), 21 (2), 28 (8), 
39 (6), 43 (3 + 5 juvs.), 46 (10), 47 (10 + 15 juvs.), 49 (c), 51 (1 juv.), 68 (1 juv.), 70 
(146 juvs.), 78 (6 juvs.). FAL.226 (1), 352 (1). SCD.109 (1), 134 (1 juv.), 143 (1). 

Notes : I agree with Kirkegaard that Augener’s description is misleading in 
certain respects and the abundant material obtained from Saldanha Bay allows me 
to give a brief summary of the main characters. 

Body about 20 mm. long and encased in a fragile mud tube. Prostomium flat- 
tened and triangular dorsally but pinched in laterally and without glandular ridges. 
One pair of eyes. Tentacles with numerous capitate papillae. Two groups each 
consisting of 4 pennate gills on the branchial ridge with a pair of nephridial papillae in 
the gap between them. The four gill filaments are arranged so that three are in a trans- 
verse row and one just behind. Individual gills are not really bipennate as stated 
by Augener, but each has numerous long papillae arising from its anterior surface. 

Three pairs of nephridia in segments V, VII (first uncigerous segment) and VIII. 
There is no nephridium in segment VI. First pair greatly elongated and folded on 
itself, the terminal part of the duct curving upward around the pharynx to open on 
a pair of papillae on the branchial ridge. Eight to nine paleae with fine tapered 
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tips. Thirteen segments with notopodial capillaries behind the paleal segment III, 
not 14 as stated by Augener. Segment IV is missing, segment V has small capil- 
laries, segment VI has normal capillaries and behind this there are 11 segments with 
both capillaries and uncini. Thoracic uncini have two rows of 5 teeth each. Glandu- 
lar ventral pads on all thoracic segments except the last. Eleven abdominal seg- 
ments with uncigerous pinnules which are prolonged inferiorly to become almost 
triangular and have a minute superior papilla above the uncigerous row. No dorsal 
cirri. Pygidium with a pair of long anal cirri laterally and a circle of 10 minute 
marginal papillae. 
: SABELLIDES CAPENSIS n. sp. (fig. 12 a-h). 

Sabellides sp. Day, 1955, p. 435. 

Records : WCD.34 (6). AFR.994 (1). FB.306 (1). FAL.43 (1), 70 (1), 82 (1), 
205 (1), 229 (2), 231 (1), 359(1). CP.471 (1). SCD.134(1 juv.), 143 (2) juvs,. 
145 (5 + 6 juvs.). LIZ.25 (1). 

Description : The holotype was the largest specimen of 6 from station WCD.34 
dredged at 34° 11’ §/18° 20’ E, in 27 metres on a rocky bottom. It is 12 mm. long, 
1-1 mm. wide anteriorly and has 30 segments. The body was pinkish when alive 
but is flesh-coloured in alcohol with brown markings showing through the pro- 
stomium. The latter (fig. 12 6) is spade-shaped and when the tentacles are retracted 
it is pinched in at the sides. The tentacular pocket or lower surface of the pro- 
stomium is flecked with brown and two pairs of subdermal eyes are visible posteriorly. 
The tentacles themselves are papillose or ‘ pennate ’. 

There are two groups of 4 smooth, tapered gills on either side of the branchial 
ridge with a wide gap between them. Each group is arranged with three filaments 
in front and one behind and the individual filaments reach well beyond the prosto- 
mium. Between the two groups of gills is a pair of long nephridial papillae with 
slender tips. These might easily be mistaken for a small pair of gills. 

There are 13 bundles of notopodial capillaries of which the first two are borne on 
segments which lack uncini, and are rather smaller than the subsequent ones. This 
means that segment III (the paleal segment) lacks setae, segment IV is not developed, 
segments V and VI have reduced notosetae but no neurosetae and that there are 
11 segments with notopodial capillaries and neuropodial uncini. As explained 
earlier this is normal in the genus. 

The thoracic uncini are embedded in swollen tori. There is a row of about 18 
hooks each oval in profile with a single row of 4 teeth above the small attachment 
process and the prow which curves up towards it (see fig. 12 c and d). Glandular 
ventral pads extend as far back as the penultimate thoracic segment. 

The abdomen has 12-14 segments with long square uncigerous pinnules (fig. 12 a). 
A minute superior papilla was seen above the uncini from the 3rd abdominal segment 
onwards. Abdominal uncini have two rows of about 4 teeth each. 

The pygidium bears a pair of anal cirri. 

The tube is fragile and composed of mucus covered with mud and debris. 

S. capensis is easily distinguished from the widely distributed S. octocirrata by 
the wide median gap on the branchial ridge, very long nephridial papillae and only 
minute papillae above the posterior abdominal neuropodia instead of long cirriform 
ones. 


SABELLIDES OCTOCIRRATA (Sars, 1835). 
Fauvel, 1927, p. 232, fig. 81 a-g. 
Records : WCD.41 (1). TB.309 (1). TRA.71 (4), 143 (1). FAL.110 (1), 223 (1), 
236 (1). MB.78 (1). SCD.9 (6), 32 (1), 40 (2). 
Notes : This is a new record for South Africa, but the speci 
with Fauvel’s description. ee 
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LYSIPPE AGULHASENSIS n. sp. (fig. 12 e-k). 
foe : SCD.134 (1 + 1 juv.), 149 (1). 
escription : ‘Two specimens were obtained from station SCD.143, a dredgi 
at 34° 46’ §/22° 05’ E in 95 metres on khaki sand. The holotype is the larger ae 
which measures 15 mm. ‘It is 1-2 mm. just behind the gills and the body is rather 
slender and tapers gently towards the posterior end. It is straw-coloured in alcohol 


IG 


Trext-Fia. 12. 


Sabellides capensis n.sp. (a) 4th abdominal neuropodium ; (b) dorsal view of anterior end ; 
; (c) edge-on view of thoracic uncinus ; (d) lateral view of same. 

Lysippe agulhasensis n.sp. (e) lateral view of anterior end; (jf) edge-on view of thoracic un- 
cinus; (g) lateral view of same; (h) first abdominal parapodium; (j) 4th abdominal 
parapodium ; (k) 8th abdominal neuropodium. 

Lysippe capensis n.sp. (1) 6th abdominal neuropodium; (m) lateral view of anterior end ; 
(n) edge-on view of thoracic uncinus ; (0) lateral view of same. 
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In both specimens the tentacles are extended and are obviously pennate having 
two rows of long slender papillae with knobbed tips along one side. The prostomium 
of this open-mouthed specimen (fig. 12 ¢) is almost rectangular and broader than 
long with a pair of small eyes in the fissure at the sides. _ ( 

The branchial ridge has a wide median gap on either side of which are two groups 
of 4 gills each arranged three in front and one behind. Each gill filament is long, 
smooth and gently tapered to a slender tip and extends well in front of the pro- 
stomium. When folded back it reaches setiger 8. There are no nephridial papillae 
on the branchial ridge nor are any evident behind the anterior notopodia. Nephridia 
must be present of course but no dissection of them was made for fear of damaging 
the only two specimens available. aoe eae 

The paleal segment (segment III) bears a bundle of notosetae similar in size to 
those of the later segments but directed forward and upward like paleae. The 
next two segments (IV and V) are fused to segment III, segment IV has neither 
notopodia nor setae, but segment V has a small bundle of notosetae. Segment VI 
has well developed notosetae, and segment VII and the eleven segments which 
follow have both notopodial capillaries and neuropodial uncini. There are thus 14 
bundles of notosetae excluding those on the paleal segment. 

The uncigerous tori on the thorax are small and swollen. The uncini themselves 
(fig. 12 f and g) each have two rows of teeth in alternate series above the attachment 
process and recurved prow. The base of the uncinus is angular below the first tooth. 

There are 12 abodminal segments bearing uncini followed by the pygidium, 
which has a pair of long cirri and 10 short papillae encircling the anus. The ab- 
dominal parapodia are characteristic for the first four have vestigial notopodial 
lobes. The first (fig. 12 h) is rectangular and as large as the neuropodial lobe below, 
but the fourth (fig. 12 7) has become triangular and later ones (fig. 12 £) cannot be 
distinguished from the upper margins of the neuropodia to which they are attached. 
The neuropodia themselves are at first square but later elongate to become paddle- 
shaped lobes bearing the uncini on their upper distal margins. 

The uncini have 3-4 irregular rows of teeth each bearing about 3 teeth—thus 
about 10 teeth in all. 

The presence of vestigial notopodia on the anterior abdominal segments immedi- 
ately distinguishes this species from others of the genus. It has the same number 
of segments with notosetae as L. capensis but the longer gills and the wide gap on 
the branchial ridge provides a ready method of distinguishing the two. 


LYSIPPE CAPENSIS n. sp. (fig. 12 J-o). 


Records : SB.119 (2), 175 (fc), 177 (c), 179 (12), 180 (6), 183 (65), 184 (90), 

Be (1). W€D.19 (7), 21 (1), 43 (1). TRA.88 (1). FB.323 (4). FAL.251 (4), 316 (1), 
47 (1). 

Description : The holotype was one of 11 specimens from station SB.175, dredged 
in Saldanha Bay in 15 metres on sand, shell and rock. It is 12 mm. long and 1-2 mm. 
across the first uncigerous segment. The body is markedly tapered posteriorly. 
It was pinkish red in life but is now quite pale in alcohol. The tube is very fragile 
with relatively large sand grains and shell fragments adhering to it. The prostomium 
is roughly triangular in plan but a side view (fig. 12 m) shows that it slopes down to 
a bluntly pointed snout with the lateral folds pinched in at the sides and the buccal 
segment forming a prominent lower lip. The tentacles are retracted but dissection 
showed that they are ‘ pennate’ or covered with numerous slender papillae on one 
side. A pair of small eyes are partially concealed in the groove between the snout 
and the lateral fold. 

The arched ‘ forehead ’ above the prostomium has two distinct annulations repre- 
senting the dorsal surface of the buccal segment and the second achaetous segment. 
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Segment IIT bears a well developed branchial ridge with a transverse series of 8 smooth 
stout gill filaments. There is no median dorsal gap between the gills and no nephridial 
papillae. The 8 gills are homologous with right and left groups of 4, each arranged 
3 in front and one behind. The gills are short and stumpy and the ends just reach 
the anterior end of the prostomium. 

Segment ITI, which bears the branchiae, also has a bundle of notosetae on either 
side, but these can hardly be described as paleae since they are no larger than the 
capillaries of subsequent segments. Behind segment III are 14 segments with 
notopodial capillaries of which 12 bear uncini as well. Segment IV is absent and 
segment V is fused to segment III. Segment V bears a small bundle of capillaries, 
segment VI bears a normal bundle of capillaries, segment VII bears both normal 
capillaries and uncini and behind this there are 11 more segments with both capillaries 
and uncini. The thoracic uncini are borne on flattened rectangular pinnules. Each 
uncinus (fig. 12 » and o) has two rows of 4 teeth in alternating series. Below this is 
the point of attachment, which is easily mistaken for a short blunt tooth and below 
this again is the recurved base of the uncinus. 

Glandular ventral pads extend as far back as the 12th setiger (i.e. 2 from the end 
of the thorax). 

The abdomen consists of 12 segments grooved ventrally each with a roughly 
triangular uncigerous pinnule. From the third abdominal segment onward (fig. 12 1) 
a small papilla is present above the row of uncini. 

The pygidium bears a pair of anal cirri. 

Hessle (1917) text-fig. 14 shows Lysippe with four pairs of nephridia, the first 
in the segment preceding the diaphragm (which he calls segment IV) and the others 
in the next three segments. He also states : ‘ Die ausseren Mundungen der Nephri- 
dien im Vierten segment dorsalwarts verschoben.’ He further establishes a new 
genus Lysippides with one species on the distinction that it lacks a nephridium in the 
segment following the diaphragm (his segment V) and his text figure 15 shows only 
two nephridia. 

For these reasons it was necessary to dissect the nephridia of one of the para- 
types. In the description that follows it should be pointed out that the segment 
preceding the diaphragm is here reckoned as Segment V and the first uncigerous 
segment as segment VII. There are a pair of long nephridia which open laterally 
just behind the notopodia of segment V and extend back for several segments below 
the gut. The nephridia of segment VI are short and baggy, those of segments VII 
and VIII are large and folded back at the sides of the gut and there are three further 
small pairs in segments IX, X and XI on the right side, but I cannot find them on 
the left. It appears therefore that there are 4 pairs of large nephridia opening just 
behind the notopodia of segments V-—VIII inclusive and sometimes smaller pairs 
behind these. None of the external openings are obvious and none are ‘ dorsalwarts 
verschoben ’ as they are in Pterampharete (vide supra) and in Sabellides, where the 
nephridial papillae have moved up onto the branchial ridge. 

L. capensis may be distinguished from L. labiata Malmgren in having a shorter 
buccal segment, in lacking a dorsal gap between the gills on the branchial ridge and 
in having only 14 bundles of notosetae behind the paleal segment instead of 16. 


FAMILY TEREBELLIDAE. 


TEREBELLA PTEROCHAETA Schmarda, 1861. 
Schmardanella pterochaeta McIntosh, 1885, p. 449, pl oe, tig. Uj pl 27A, figs. 24—26. 
Lepraea pterochaeta Augener, 1918, p. 523. 
Records : LAM.25 (1), 27 (1). AFR.950 (2). SB.179 (1). FAL.106 (p), 113 (1), 
249 (4). MB.41 (1), 56 (1). KNY.57 (1). LIZ.35 (1). 
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TEREBELLA SCHMARDAEI Day, 1934. 
: : ay, 1955, p. 435. 

Lemon (Torbelie) SEs ee Lahler) Renee 1918, p. 518. pe 0 Ne = 

Records : LAM.5 (2), 10 (3), 18 (c), 22 (8), 26 (4), 27 (3), 31 (fe), ; ; 
57 (2), 59 (2), 66 id). 5.267 1), Oss (c). WCD.41 (2). TRA.121 (5). TB.327 
(4). FB.309 (1), 328 (3). FAL.8 (p), 31 (p), 105 (4), 127 (1), 134 (2), 162 (5), 171 (1), 
214 (6), 219 (1), 223 (10), 245 (6), 262 (1), 269 (2), 275 (7), 280 (2), 334 (1), 345 (4). 
SCD.4 (1), 22 (1), 100 (2). 

Notes : The Director of the Berlin Museum kindly sent me two specimens from 
Swakopmund numbered V.7452 identified by Augener (1918) as Leprea (Terebella) 
lapidaria Kahler. The notosetae which continue to within 8 segments of the pygi- 
dium have no sign of a spur at the base of the serrated blade. They are not 7. 
lapidaria but typical examples of 7’. schmardaet. 


EUPOLYMNIA NEBULOSA (Montagu, 1818). 
Polymnia nebulosa (Montagu). Fauvel, 1927, p. 257, fig. 89 a-g. 


Records : LAM.31 (2), 47(2). AFR.707 (1), 728 (1). TRA.121 (1), 132 (1), 
135 (fc), 143 (6). TB.309 (1). FAL.80(p), 117 (3), 236 (1). MB.13 (1), 23 (1), 
78 (1). SCD.32 (3), 58 (c), 69 (1). 


NICOLEA MACROBRANCHIA (Schmarda, 1861). 
Augener, 1918, p. 527, pl. 7, figs. 232-3, text-fig. 89. 


Records : SB.114 (c), 115 (1), 127 (c), 129 (4), 130 (3), 141 (p), 143 (fc), 193 (2), 
222 (1+ 1 juv.), 223 (c), 235 (c). LB.155(c), 161 (2), 380(?), 391 (2), 472 (1). 
WCD. 71 (1 +1 juv.) TRA.91 (1), 121 (1). AFR.842 (1). TB.328 (1). FB.302 (3), 
306 (5), 307 (4), 311 (2), 312 (2), 319 (3), 326 (1). FAL.29 (p), 44 (5), 51 (p), 80 (p), 117 
(3), 126 (1), 127 (2171), (1), 219 (5), 223 (6), 258 (1), 269 (2), 275 (4), 303 (2), 334 
(1), 345 (4), 349 (1), 367 (4). MB.4(1), 9(1), 13 (1), 16 (1), 53 (5), 56 (3), 67 (2), 
85 (1). LIZ.27 (4), 35 (4). SCD.9 (c), 58 (1). 


NICOLEA VENUSTULA (Montagu, 1818). 
Fauvel, 1927, p. 260, fig. 90 a-f. 


Records : LAM.5 (1), 13 (1 juv.). TRA.40 (1), 122 (1). WOCD.5 (1 juv.), 8 (2 
juvs.), 13 (1), 19 (1), 41 (2 juvs.). AFR.707 (1), 728 (1). FAL.44 (2), 57 (p), 63 (1), 
65 (1), 69 (1), 110 (1), 144 (2), 171 (1), 178 (3), 334 (1), 355 (2), 365 (4), 367 (1), 371 (1). 
MB.53 (1), 69 (1 juv.), 86 (1). LIZ.35 (4). SCD.4 (2), 9 (c), 22 (1), 96 (4), 100 (fe). 


Notes on Nicolea (= Pista) quadrilobata Augener, 1918 (fig. 13 e): 

Augener (1918, p. 532) described this species with lateral lobes on segments 1-3, 
which is most unusual for the genus. By the courtesy of the Director of the Berlin 
Museum I have been able to examine not the types from Swakopmund but two other 
specimens from Ambrizette in Angola numbered V. 1718. 

Both specimens were badly preserved and the following summary is based partly 
on my own observations and partly on the description given by Augener (1918, 
p. 534). 

Tentacles short, eye-spots absent. Two pairs of dichotomously branching gills 
on segments 2 and 3. Segment 1 with large oval lobes united ventrally behind the 
mouth and extending forward as a support for the tentacles. Segement 2 short and 
without lobes. Segment 3 with small lateral lobes. Seventeen segments with 
smooth-bladed notopodial capillaries starting on segment 4. Uncini on segment 5 
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in a single row but later (on setigers 7-16) in alternate rows. Uncini of the first 
row (fig. 13 e) with a close-set cap of denticles above the main fang, a long straight 
neck and a base with a forwardly directed prow and a tapered shaft ; dental formula 
MF : 2-3 : 4-7 : 15-20. Later uncini without shafts as shown in Augener’s fig. 90 
and with fewer teeth. 

__ This species with its lateral lobes on segments 1 and 3, its two pairs of branched 
gills and specialized uncini in the first row must be transferred to the genus Pista. 
Indeed it is fairly close to P. qolora Day (1955), but lacks eye-spots and the first 
row of uncini have more denticles above the main fang and even shorter shafts. 


LANICE WOLLEBAEKI Caullery, 1944. 


Caullery, 1944, p. 125, fig. 99. 
Day, 1951, p. 59. 


Records : TRA.33 (1), 133 (1). FB.302 (1). FAL.338 (1), 345 (2), 359 (2), 365 (1). 
MB.33 (1), 85 (1). LIZ.2 (2), 3 (c), 19 (p), 25 (c). SCD.32 (1), 61 (3). 


Lomia MEDUSA (Savigny, 1818). 
Fauvel, 1932, p. 224. ( ee ) 


Records : FAL.352 (4). SCD.123 (2). 


Notes : This is a tropical species and it is very surprising to find it in False Bay. 
It has not been recorded from the Cape before. 


PISTA FOLIIGERA Caullery, 1915. 
Fauvel, 1919, p. 451, pl. 17, fig. 80, text-fig. 9. 
Day, 1955, p. 436. 
Records : SB.187 (4). TRA.122 (1). FAL.149 (1), 214 (2), 371 (1). MB.41 (1), 
56 (3), 67 (1), 69 (1), 86 (3). LIZ.18 (1), 36 (1), 37.(1). SCD.89 (7). 


Pista QOLORA Day, 1955. 

Day, 1955, p. 436, fig. 5 g—k. 

Records : LAM.5 (2), 8 (8), 10 (4), 13 (1), 25 (1), 31 (c), 44 (1), 57 (2), 63 (1), 
66 (2). SB.113 (c), 175 (6), 179 (1), 189 (1), 197 (3), 231 (2). WCD.19 (1). TB.301 
(4), 305 (2), 309(1), 329(1). FAL.162 (1), 219(1), 257 (1). MB.53 (7), 62 (3), 
85 (1), 86 (2). LIZ.35 (6). SCD.9 (2), 22 (1), 32 (5), 40 (3), 89 (a). 


AMAEANA TRILOBATA (Sars, 1863). 


Amaea trilobata Fauvel, 1927, p. 285, fig. 99 a—e. 
Records : WCD. 79 (1). FAL.352 (2). SCD.72 (2). 


Notes: As Hartman (1959) has shown the name Amaea is preoccupied and 
Hartman proposes Amaeana. Two fragmentary specimens were obtained but they 
agree very well with Fauvel’s description. There are 10 thoracic segments with 
long, slender notopodia with the capillaries just projecting from their ends. The 
capillaries are slender and appear quite smooth and wingless. At the base of each 
notopodium is a small nephridial papilla. 

Behind the last thoracic notopodium there is an achaetous gap which seems from 
the annulations to represent 5 segments. Each of the abdominal segments which 
follow bears a small conical papilla bearing 5 straight stout blunt spines which are 
surprisingly brittle. Earlier workers have interpreted these setae as neuropodial 
acicula but the papillae which bear them have the same relative position as the 
thoracic notopodia as is well shown by Fauvel’s figure 99a. Neurosetae in other 
genera are always more ventral in position and arise on square pinnules. It is 
suggested in fact that these spines are merely blunt notosetae and that neurosetae 
are entirely absent from both the thorax and the abdomen. 
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Kirkegaard (1959) has recently recorded Amaea (= Amaeana) accraensis Augener 


from the Cape. This is easily distinguished from A. trilobata by the possession 
of well developed barbs or spinules on the thoracic capillaries and, to a lesser extent, 


by the fact that there are 11 or 13 thoracic segments, not 10. 
This is a new record for South Africa. 
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TExt-Fig. 13. 
(6) lateral view of same; (c) 


(a) edge-on view of uncinus ; 


Polycirrus plumosus Wollebaek. 
plumose type of notoseta. 


narrow-winged type of capillary ; (d) 
Pista quadrilobata (Augener). (e) uncinus of the first row. 
(f) pick-axe seta; (g) anterior end showing collar and base of 
(J) thoracic palea ; (k) collar seta; (J) abdominal palea ; 


Hypsicomus capensis n. sp. 
gills; (h) thoracic uncinus ; 


(m) abdominal capillary. 
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_ _ PoLycrmrrus PpLuMosus Wollebaek, 1912 (fig. 13 a-d). 
Hessle, 1917, p. 224. 


Records : WCD.53 (1), 64 (1). 


Description : A single broken specimen was obtained. The body is fragile, and 
36 mm. long for 55 segments. The anterior segments which bear notosetae are 
swollen but the tail end is narrowed and twisted. The tentacular fold is large, 
pleated but all the tentacles have fallen off. Eye spots are absent. There are 17 
pennoned notopodia bearing long capillaries of two types. Some have smooth 
narrow wings (fig. 13 c) and some are stouter, deeply serrated and almost plumose, 
but those with broken ends show that the real structure is a series of transparent 
cones strung together on a very slender shaft (see fig. 13 d). Both types persist to 
posterior notopodia. The lower lip is large and swollen. Behind this the ventral 
surface of the worm is covered with minute glandular papillae and the segmental 
divisions are very indistinct. Even the lateral swellings below the anterior noto- 
podia which are usually well marked in Polycirrus are obscure, though swellings 
corresponding to the first 8 setigers are actually present. The glandular papillae 
end about setiger 15 and from there on the ventrum is grooved between the paired 
longitudinal ventral muscles. Uncini appear on setiger 18 (just behind the last 
segment with notosetae) and are borne on small square pinnules. Posterior segments 
are very short and poorly marked so that they can only be counted by reference to 
the uncigerous pinnules. 

Dissection showed that there are 6 pairs of large nephridia corresponding with 
the first six setigers. 

The uncini (fig. 13 a and 6) are minute and difficult to observe accurately. How- 
ever when the pinnules is masserated with KOH it can be seen that while the general 
shape is similar to that of other species of the genus the teeth do not differ greatly 
in size. Above the ‘main fang’ there is a single tooth and then a crest of three, 
giving the formula MF :1:3. The three teeth at the crest can from certain aspects 
appear as a single tooth. 

This species is obviously related to P. coccineus Gr. described by Fauvel (1919) 
from the Persian Gulf, but differs from the latter in having narrow-winged capillaries 
as well as plumose setae and in other minor features. 

This is a new record for South Africa. As far as I am aware this species is only 
known from Norway and Sweden. 


POLYCIRRUS TENUISETIS Langerhans, 1880. 
Fauvel, 1927, p. 283, fig. 98 m—n. 
Records : MB.53 (1). 


Notes : The tentacular lobe is large, frilled and bears numerous short tentacles. 
Nineteen segments bear notosetae which include larger winged forms and smaller 
narrow-bladed forms ; all are quite smooth. The notopodia have small flag-like 
ends. Uncini appear on setiger 9 and have 1-3 large teeth above the main fang and 
then an irregular semi-circle of small denticles according to the formula MF : 1-3 : 
10-12. Dissection shows 3 large pairs of nephridia. The lower lip is swollen and 
square and behind this is an oval glandular area continued back as a mid-ventral 
streak on either side of which are 9 pairs of swellings. 

This is a new record for South Africa. 


Potycrrrus ? HAEMATODES (Claparede, 1864). 
Fauvel, 1927, p. 284, fig. 98 g—. 
Records : SB.161 (1), 235 (1). TRA.93 (1). CP.409 (1), 604 (2). FAL.284 (1), 
371 (1). SCD.9 (1), 54 (1). 
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Notes : The characters of these South African specimens may be summarized 
as follows : 14-25 segments with pennant-tipped notopodia bearing smooth-bladed 
notopodial capillaries. Uncini from setiger 12-13 onwards, each with a large tooth 
above the main fang encircled by 6-8 long denticles giving the formula MF : 1 : 6-8. 
Six pairs of nephridia corresponding with the first 6 setigers ; the first 3 are large 
and the second three smaller, often markedly so. A swollen, glandular lower lip 
behind which is a mid-ventral groove in which transverse incisions mark the segmental 
junctions ; often the first few ventral pads are swollen. On either side of the groove 
pairs of ventro-lateral glandular swellings occupy the position of the absent neuro- 
podia. They extend from setiger 1 to setiger 10-16 and when the uncigerous rows 
appear on setiger 12-13, the dorsal part of the swelling is correspondingly restricted. 
In later segments the uncini are borne on small square pinnules. 

The genus Polycirrus is badly in need of revision and it is with considerable 
hesitation that this common South African species is referred to P. haematodes. 
According to Fauvel the latter is readily distinguished in the living state by the 
possession of red amoebocytes containing haemoglobin, but unfortunately this South 
African material has only been studied in the preserved state. However, the other 
characters agree. This is a new record for South Africa. 


THELEPUS PEQUENIANUS Augener, 1918. 

Augener, 1918, p. 545, pl. 7, fig. 2. 

Day, 1955, p. 439, fig. 6b. 

Records : SB.235 (5). LB.323 (c), 472 (2). ? AFR.835 (10). FAL.111 (1 juv.), 
185 (3). SCD.9 (1), 58 (1). 

Notes: The specimens from deep water dredgings (AFR.835) are doubtful. 
Most of them are large but broken and do not agree with my (1955) statement that 
notosetae continue almost to the pygidium. Here they stop about 50 segments from 
the end. However the structure of the uncini and other characters agree. 


THELEPUS TRISERIALIS (Grube, 1855). 


Fauvel, 1927, p. 274, fig. 95 n—r. 
Day, 1955, p. 439, fig. 6a. 


Records : ? TRA.132 (2). 
Notes : The uncini are typical but the notosetae continue to within a few segments 


of the pygidium. One specimen had Lepidasthenia elegans living commensally in 
the same tube. 


THELEPUS PLAGIOSTOMA (Schmarda, 1861). 
Day, 1955, p. 437, fig. 6c. 


Records : MB.9 (1), 49 (1), 53 (1), 56 (2). 


THELOTHELEPUS CAPENSIS Day, 1955. 
Day, 1955, p. 440, fig. 6 e-f. 
Records : LB.300 (1), 382 (p). 


TRICHOBRANCHUS GLACIALIS Malmgren, 1866. 


Fauvel, 1927, p. 288, fig. 100 a-h. 
Day, 1955, p. 441. 
Kirkegaard, 1959, p. 90: 


Records : FAL.314 (6), 334 (2). % SCD.150 (Ljuy.). 


Fie Notes : The juvenile from SCD.150 had only two pairs of gill filaments instead of 
ee. 
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TEREBELLIDES STROEMI Sars, 1835. 
Fauvel, 1927, p. 291, fig. 100 zg. 
Kirkegaard, 1959, p. 91. 
Records : WCD.5 (1 juv.), 61 (1), 63 (55), 64 (2) AFR.1544 (1). TRA.80 (a). 
FAL. 328 (1), 240 (1), 352 (c). 
LEAENA sp. 
Records : SCD.50 (1 juv.). 


Notes : Only a single juvenile measuring 7 mm. was obtained but as the genus 
is new to South Africa it is worth recording. 

The tentacular lobe is short and collarlike with about a dozen tentacles. Branchiae 
are entirely absent. Behind the lower lip there are marked lateral lobes on segments 
2 and 3 which almost form collars ; that on segment 2 is continuous (though narrow) 
across the ventral surface and that on 3 is broad laterally and continuous across the 
dorsal surface as a membraneous ridge. From segment 4 onwards there are 17 
segments bearing notosetae. The first bundle on segment 4 is small but subsequent 
ones are well developed and the setae are broad-winged capillaries with smooth 
tips. Uncini appear on setiger 2. There are only 6-8 of them in each segment but 
towards the end of the thorax they are arranged in an alternate series. Each has 
close-set arcs of denticles above the main fang. 

Hessle’s species L. collaris comes nearest to the above description. It also has 
17 segments with notosetae. 


LANASSA CAPENSIS Day, 1955. 
Day, 1955, p. 441, fig. 7 c-f. 
Records : FAL.111 (1). 


FAMILY SABELLIDAE. 


SABELLA PENICILLUS Linn., 1767. 
Sabella pavonina Sav., Fauvel, 1927, p.298, fig. 102 a-l. 


Records : AFR.736 (p), 835 (1). TRA.33 (c), 36 (1), 40 (1). FB.302 (10), 311 (2), 
314 (2), 319 (6), 322 (2). FAL.184 (1), 187 (1), 205 (fc), 219 (2), 226 (3), 228 (2), 
241 (1), 260 (1), 338 ( fc), 347 (1), 352 (2), 357 (1), 359 (a), 375 (c). SCD.1 (2), 25 (8), 
26 (4), 103 (3), 123 (3). 


HYPSICOMUS CAPENSIS n. sp. (fig. 13 f-m). 
Records : SCD.3 (1). 


Description : The holotype is a single specimen dredged at station SCD.3 from 
34° 20’ §/24° 40’ E in 102 metres on a rocky bottom. 

It is very long and slender and although it has lost the posterior part of the 
abdomen it still measures 100 mm. by 1-5 mm. for about 200 segments plus the gills. 
It is uniformly pale in alcohol and is encased in a dark translucent tube which is 
very tough like one of the new plastics. 

The gills lack markings and are very long (about 22 mm.). Each branchial lobe 
is a semi-spiral, longer than broad and bears 12 radioles. Individual radioles are 
united for about 1/4 of their length by a web and beyond this there is a band of small 
eye-spots, each radiole having about 10 pairs. The margins of the radioles are 
flanged but there are no stylodes. The pinnules continue almost to the blunt tips of 
the radioles. 

Between the branchial lobes is a pair of slender palps. The elongate lips on the 
ventral surfaces of the branchiae lobes are partially covered by the slanting collar 
(see fig. 13 g). The long, united bases of the branchial lobes are glandular and 
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wrinkled dorsally and extend back inside the collar. The collar itself is split dorsally 
and notched back dorso-laterally ; it thus forms two unequal lobes on each side. 
The small rounded dorsal lobes bear the collar setae and the much larger ventro- 
lateral lobes slant forward ventrally to form triangular ventral lappets which meet 
over the mouth. ; ty Li 

The collar setae (fig. 13 &) are all smooth-winged capillaries and are arranged in a 
slanting row, not a bundle. Succeeding thoracic notosetae are of two types : (@) 2-3 
smooth-winged capillaries similar to the collar setae, and (b) numerous paleae (fig. 
13 j) with very rounded blades and minute pointed tips. The thoracic neurosetae 
are also of two types : (a) a row of pick-axe setae (fig. 13 J) with long smooth blades 
tapering to points, and (b) a row of avicular uncini (fig. 13 h) with long broad tails 
and rounded crests which are minutely striated. There are about 6 abdominal 
neurosetae per bundle and again there are two types including about 3 very long 
capillaries (fig. 13 m) which possibly have extremely slender blades and about 3 
paleae (fig. 13 1) with oval blades and longer tips than those of the thorax. The 
abdominal notosetae are avicular uncini rather like those of the thorax, but pick-axe 
setae are absent. ew 

This South African form may be distinguished from the widely distributed H. 
phaeotaenia Schmarda and from the species described by Gravier (1908) from the 
Red Sea and Augener (1918) from West Africa by the structure of the collar and 
the nature of the collar setae. 


DASYCHONE VIOLACEA (Schmarda, 1861). 
Day, 1955, p. 448, fig. 7 k-m. 


Records : LAM.13 (1). SB.197 (1). AFR.957 (1). TRA.110 (2), 113 (1), 132 (6), 
143 (2). TB.315 (1). FB.332 (1). FAL.8 (fc), 21 (p), 26 (5), 69 (1), 80 (1), 113 (p), 
131 (1), 144 (1), 149 (3), 156 (9), 166 (1), 171 (10), 249 (1), 269 (1), 275 (1), 334 (4). 
MB.69 (1), 78 (1 juv.). LIZ.2 (2), 18 (2), 35 (1). 


DasyCHONE CAPENSIS McIntosh, 1885 (fig. 14 a-c). 


McIntosh, 1885, p. 506, pl. 54, fig. 1; pl. 31a, figs. 9-11, pl. 39a, fig. 8. 
Dasychone argus var. capensis McIntosh, 1925, p. 87. 


Records : AFR.707 (1), 725 (1). ? FB.306 (1). FAL.223 (1), 345 (1). SCD.9 
(fc), 54 (1), 99 (1 juv.), 101 (1). 

Description : The specimens recorded above are mainly from deep water dredgings 
and agree in detail with McIntosh’s type, which was examined at the British Museum. 
The important features of the type are summarized below. 

Body slender and uniformly pale apart from the interramal eye-spots. Collar 
reflected back dorsally to form small dorsal lobes and large lateral ones which end 
in small lappets touching on the mid-ventral line. Gills half body length. There 
are no interradiolar fillets at the bases of the radioles and an average lateral radiole 
has 17 pairs of strap-like stylodes which are longest at the base of the radiole. Here 
the length of the stylode (fig. 14 a) is equal to the width of the radiole and its own 
width is 1/3 or 1/4 of its length. Further up the radiole the stylodes are smaller 
and towards the end, the length of the stylode is less than the width of the radiole. 

The notopodial setae are the usual winged capillaries and similar to those of other 
species of Dasychone. The avicular uncini appear to have 6-8 teeth when viewed in 
profile (fig. 14 6) and the tail is truncate. In face view (fig. 14 c) it may be seen that 
there are 6-8 V-shaped rows of denticles above the rostrum ; the first of these rows 
has about 10 denticles and later ones about 14. 

This species may be distinguished from D. nigromaculata by the lack of dark 
pigment flecks on the body and the greater number of denticles on the uncini. In 
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these characters it is closer to D. violacea but the latter has broader more petaloid 
stylodes and a much larger number of denticles on the uncini. 
DASYCHONE NIGROMACULATA (Baird, 1865). 
Day, 1955, p. 445, fig. 7 n-r. 
? Dasychone argus var. chefinae McIntosh, 1925, p. 86. 
Records : FB.302 (1), 315 (1). FAL.8 (1), 21 (1), 51 (1), 69 (1), 80 (1), 149 (1), 
219 (1). MB.53 (1), 62 (2). LIZ.29 (1), 37 (1). 


DASYCHONE NATALENSIS (Kinberg, 1867). 
Day, 1955, p. 444, fig. 7 g-7 with synonymy. 
Records : TB.314 (1). 


SABELLASTARTE LONGA (Kinberg, 1867). 


Johansson, 1925, p. 10, figs. 3, 5, 6, 7. 
Day, 1951, p. 63. 
Day, 1955, p. 443. 


Records : MB.9 (1 juv.), 20 (1).- LIZ.35 (1). 


BRANCHIOMMA QUADRIOCULATUM Willey, 1905. 
B. mushaensis Gravier, 1908, p. 94, pl. 7, figs. 267-270, text-figs. 447-453. 


Records : SB.197 (1). WCD.41 (1). TRA.121 (1), 152 (2). FB.325 (1). FAL.44 
(2), 51 (1), 58 (1), 80 (1). MB.49 (1), 67 (1), 78 (1 juv.). LIZ.35 (1). 


POTAMILLA RENIFORMIS (Muller, 1788). 
Fauvel, 1927, p. 309, fig. 107 al. 


Records : LAM.10 (3), 18 (2), 31 (fc). SB.175 (1), 197 (1). AFR.725 (1), 801 (1) 
835 (1), 842(1), 967 (1), 1576(1). TRA.33(p), 36 (1), 58(1), 71 (3), 123 (1) 
WCD.19 (1), 41 (1). TB.305 (1), 308 (6), 316 (Jc). FB.328 (c). FAL.21 (c), 44 (1), 
51 (p), 63(c), 80(p), 95(p), 122(p), 126 (12 +), 156 (c), 171 (a), 214 (c), 219 (a) 
248 (5), 262 (1), 269 (a), 280 (c), 334 (c), 365 (1). MB.88 (1). LIZ.18 (3). SCD.32 (1) 
40 (3), 54 (1), 58 (1), 109 (1). 

Notes : This species is listed in Hartman (1959) as Pseudopotamilla reniformis. 


PoTAMILLA TORELLI Malmgren, 1866. 
Fauvel, 1927, p. 310, fig. 107 m-—s. 
Day, 1955, p. 447, fig. 8d-f. 
Records : 'TRA.121 (1). FAL.82 (1), 103 (1), 207 (1), 275 (1), 365 (1). SCD.54 
(1). 
POTAMILLA LINGUICOLLARIS n. sp. (fig. 14 d-I). 
Records : WCD. 71 (20.) SCD.100 (1), 118 (4). 


Description : The holotype is an almost complete specimen from SCD.118 
dredged at 34° 24’ §/21° 46’ E in 18 metres on a rocky bottom. 

It is 11 mm. long by 0-3 mm. wide for 51 segments plus the gills and the body 
is thus slender for a Sabellid. The posterior end is missing and the body and gills 
are uniformly pale in alcohol. 

Fach of the branchial lobes has 6 long radioles which are not united by a web and 
have neither eyes nor external stylodes. The naked tips (fig. 14 d) are fairly long. 
A pair of slender palps hardly larger than the pinnules on the base of the radioles is 
visible between the branchial lobes. The collar (fig. 14 h) is widely separated dorsally 
and each half is notched dorso-laterally to form a small pair of rounded dorsal lobes 
and a very large pair of ventral lobes which meet and slant forward as a sheath 
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below the bases of the ventral radioles. The whole collar has the effect of a long 
scoop below the mouth. 

The thorax consists of 12 setigerous segments not 8 as in most Sabellids. There 
are two types of setae both in the notopodia and neuropodia. The collar setae are 
small and are all winged capillaries, but even here long and short forms may be 
seen. The notosetae of setigers 2-12 consists of about 6 winged capillaries (fig. 14 /) 
similar to the longer form of collar setae and about the same number of long-bladed 
paleae (fig. 14 k) though hastate setae would be a more appropriate term. The 
neurosetae of setigers 2-12 include an anterior row of about 8 pick-axe setae with 
long symmetrical blades (fig. 14 e and f) and a posterior row of 9 long-shafted avicular 
hooks (fig. 14 g) with rather coarsely serrated crests. 

In the abdomen the setae are fewer and smaller. The notosetae are 5-6 avicular 
hooks essentially similar to those of the thorax and the neurosetae are 3 paleae 
(fig. 14 7) with rather shorter, broader blades than those on the thorax. Throughout 
there is no sign that any of the setae are asymmetrical. 

This species has obvious resemblances to P. ceylonica Augener (1926a). The 
latter has no eyes, a large number of thoracic segments and a slanting collar. Augener 
did not figure the setae but those shown by Fauvel (1930) and (1953) are all markedly 
asymmetrical. 


EUCHONE CAPENSIS n. sp. (fig. 14 m-t). 


Records : TRA.73 (4). SCD.120 (1). 


Description : The holotype is the only complete specimen of the 4 that were 
dredged at station TRA.73, position 36° 06’ S/16° 37’ E, depth 311 m., bottom 
green mud. It was extracted from a slender tube covered with sand grains and 
foraminiferan shells. It is 20 mm. long by 1 mm. broad and has 40 segments. 

The two branchial lobes each bear 9 radioles united by a web for two-thirds of 
their length. The pinnules on the radioles are long and interlaced and the tips of 
the radioles are even longer and easily confused with the terminal pinnules. All 
the radioles are united by the web and no free ventral radioles were found ; however, 
2-3 small ventral radioles lack pinnules. A pair of palps occur free inside the 
branchial funnel ; each is stumpy with a frilled margin. 

The collar (fig. 14 t) is narrowly divided dorsally and each half is incised near its 
origin to form a very small pair of dorsal lobes which lie close together and a pair of 
large, deep lateral lobes which extend round the sides and meet in the mid-ventral 
line. Their margins are smooth and they slope very slightly forward. It is empha- 
sized that the collar is not continuous ventrally as occurs in other species of the genus 
although the ventral split between the lateral lobes is not immediately apparent as 
their ventral margins are soldered onto the ventral lips. When the collar is reflected 
back a pair of large otocysts and a pair of fairly dark eyes becomes visible just in 
front of the first bundle of setae. 

There are 8 thoracic segments. The first bundle of notosetae consists entirely 
of slender-winged capillaries. Subsequent thoracic notosetae are of three types : 
(a) about 4 winged capillaries (fig. 14 s), (6) about 5 paleae (fig. 14 r) with broad 
blades and long tips, and (c) about 3 setae (fig. 14 q) which have a separate origin 
from the rest and just project from the surface ; the shafts are markedly narrowed 
just below the bases of the small blades. Thoracic neurosetae are a row of long- 
shafted hooks (fig. 14 m) which show 6-8 indistinct teeth above the rostrum when 
seen in lateral view, but when seen in face view 4 arcs of denticles become apparent 
above the main fang according to the formula MF : 2 :3-4 : ca. 8 :ca. 12 

Abdominal neurosetae are 8 fine-winged capillaries of two lengths. The noto- 
setae ie closely aaa (fig. 14 m and 0) each with a broad base and a large 
main fang surmounte close-set rows of denticles of i i ivi 
formula ME : 3-4 : ca. 6 ; Ca. S Sed. LOca, Vee Ser Sout See ba 
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The abdomen consists of 32 segments, of which the last 8 are very short and 
flanged ventrally to form a Spoon-shaped concavity. The pygidium is conical and 
lacks eyes. 


Text-ric. 14. 
(a) part of branchial radiole showing stylodes and eye-spots ; 
(b) lateral view of thoracic uncinus ; (c) edge-on view of same. 


Dasychone capensis McIntosh. 


: . aarp ¢ : f 
} } J isn. sp. (d) tip of branchial radiole ; (e and f) oblique and front views 0 
Fitou i eehecte. Gh Cocants Heke ; (h) lateral view of anterior end; (7) abdominal palea ; 
ic pal ; (1) thoracic winged capillary. ; ‘ 
Hi ee ee cos, Phas hook ; (m and 0) lateral and edge-on views of abdominal 
: eins ; (p) abdominal capillary ; (q) small type of thoracic capillary; (r) thoracic 
palea ; (s) large type of thoracic winged capillary ; (t) ventral view of collar and base of 


gills. 
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This species is allied to H. rosea, which has been recorded from the Cape by 
Kirkegaard (1959) and has been carefully described by Southern (1914) from Treland. 
As compared with Southern’s description the present species differs in having the 
collar split ventrally, the inferior type of thoracic notosetae and the abdominal 
uncini are not alike and the anal excavation covers 8 setigers not 5. These remarks 
apply to a small specimen of 4 mm. as well as the 20 mm. holotype. 


AMPHIGLENA MEDITERRANEA (Leydig, 1851). 
Fauvel, 1927, p. 324, fig. 112 kr. 
Records : FAL.128 (1), 178 (8). 
Notes : This is a new record for South Africa but the specimens though rather 
small, agree very well with Fauvel’s description. 


JASMINEIRA ELEGANS St. Joseph, 1894. 
Fauvel, 1927, p. 330, fig. 114 kr. Kirkegaard, 1959, p. 100. 
Records : WCD.26 (1). TRA.74 (fc), 80 (4). 


Notes : All these specimens are about 20 mm. long and all, without exception, 
have lost their branchiae so that all except one or two of the radioles are mere stumps. 
There appear to have been about 20 caducous radioles and those that remain are 
short, lack lateral flanges and have vestigial pinnules. There is also a pair of tri- 
angular palps and a ventral mouth with lateral lips fused to the collar. The collar 
itself is well developed and covers a pair of subdermal eyes and a pair of indistinct 
otocysts. A narrow mid-dorsal gap divides the collar into right and left halves, 
each of which is reflected back to form a small pocket-like dorsal lobe and a large 
lateral lobe with a straight margin. They end in rounded ventral lappets which are 
glandular and fused to the lips. 

The body has 8 thoracic and up to 38 abdominal segments. The setae agree 
with those described by Fauvel and the pygidium lacks a caudal filament. 


CHONE FILICAUDATA Southern 1914 (fig. 15 a-b). 
Southern, 1914, p. 141, pl. 14, fig. 32. Fauvel, 1927, p. 337, fig. 117 a-k. 
Records : SB.243 (1), SCD.120 (1). 


Notes : This species has been recorded from the Cape by Kirkegaard (1959). 
The abdominal uncini do not agree with Fauvel’s fig. 117 d-e and have been redrawn 
here (fig. 15 a, b). 

MYXICOLA INFUNDIBULUM (Renier, 1804). 

Fauvel, 1927, p. 342, fig. 119 a. 


Records : FAL.31 (1), 69 (1), 95 (1), 219 (1). 


FABRICIA CAPENSIS (Monro, 1937). 
Oridia capensis Monro, 1937a, p. 366, figs. 1-8. 
Fabricia capensis Day, 1955, p. 447, fig. 8 g-k. 
Records : LIZ.27 (c). 


Notes : The type of Monro’s Oridia capensis, which is now in the British Museum, 
has been re-examined in relation to Banse’s (1956) suggestion that this species should 
be referred to Fabriciola. Branchial hearts are present and each branchial lobe has 
3 radioles and each of these has 6 pairs of long pinnules. Between the branchial 
lobes there is a small pair of dorsal lips and a larger pair of ventral lips. There are 
no free ventral filaments nor filamentous palps such as Banse reports for Fabriciola. 
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FABRICIA BANSEI n. sp. (fig. 15 c-f). 
Records : SB.167 (1). CP.450 (5), 477 (1), 488 (3). FAL.82 (1). 


Description : The holotype is a well preserved specimen from CP.450 collected 
in algal turf in a sandy pool at Mouille Point Lighthouse, Cape Town. It is 3-0 mm. 
long by 0-3 mm. broad. The body is flesh coloured with a dusky anterior end. 

The two branchial lobes each have a branchial heart and each bears 3 radioles. 
Each radiole has 8 pairs of pinnules which decrease in length distally so that all 
reach roughly the same level. There are no elongated palps or free ventral filaments. 
The collar is very low and indistinct dorsally but forms a single large triangular 
lobe ventrally. 

There are 8 thoracic and 3 abdominal setigers followed by the pygidium. The 
first setiger has a’ pair of lateral eyes, and the setae are all winged capillaries. Subse- 
quent thoracic setigers have two types of notosetae : (a) 4-5 winged capillaries, 
and (b) 2-3 paleae (fig. 15 d) with hastate blades and fine tips. These paleae are 
commoner towards the end of the thorax. The neurosetae are about 6-12 long- 
shafted hooks. In lateral view (fig. 15 c) each hook appears to have about 4 teeth 
above the main fang but probably there is a single long tooth over the main fang 
surmounted by an arc of several smaller teeth according to the formula MF : 1 : 6-7. 

The abdominal neurosetae are 2-4 fine capillaries with very narrow blades. The 
notosetae are a close-set row of about 14 long-handled hooks. Each hook has a 
small rostrum above which is a single series of 3-4 large teeth and 2 small terminal 
teeth side by side (see figs. 15 e and f). 

This species is very different from F’. capensis with its very long thoracic segments, 
and has a general resemblance to F’. sabella, but is distinguished from all other fully 
described species of the genus by the possession of a single row of teeth on the ab- 
dominal hooks. According to Banse (1956) F. sabella has 4 longitudinal rows of 8-9 
teeth each ; F. mossambica Day (1957) has 2-3 rows of 6-7 teeth. 


GENUS ORIOPSIS CAULLERY AND MeEsnix 1896. 


This genus has recently been reviewed by Banse (1957) and he has shown that 
Oria Quatrefages (1865) is preoccupied, and that Oridia Rioja (1917) and Oriades 
Chamberlin (1919) are synonyms of Oriopsis. 

Banse has redefined Oriopsis and has founded a new genus Desdemona for those 
species which have no flanges along the margins of the branchial radioles. The 
type species is D. ornata Banse (1957) from South Africa, which had been confused 
by me with O. parvula and is referred to below. : 

The species of Oriopsis are difficult to identify not only on account of their small 
size (usually 1-3 mm.) but also because the features of taxonomic importance have 
only recently been appreciated. As a result most species are incompletely described 
and considerable confusion has resulted. The following characters appear to have 
systematic value : ; 

Branchial lobes (Siebapparat) : The number of radioles appears to be constant in 
adults, but I feel that Dr. Banse has laid too great a stress on the filamentous struc- 
tues (? palps) between the ventral pair of radioles. In some cases. they are long 
and obviously different from the nearby pinnules of the ventral radioles, but in others 
it is a matter of opinion whether a certain structure is a ‘ palp ’ or only a basal pinnule 
of aradiole. For this reason Dr. Banse’s key (1957, p. 70) is difficult to use. 

Collar : This is a useful character. It may be well developed all round apart 
from the dorsal gap and its margin may be smooth or scalloped. In other cases the 
collar may be absent or represented by a ventral tonguelike projection. However, 
care must be taken to distinguish between this and the ventral lips which project 
forward between the ventral radioles as a notched cone in all species. 
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Eyes and otocysts : These do not appear to be useful as they are difficult to see 
buried in the peristomial segment, and the pygidial eyes may fade with preservation. 

Thoracic notosetae : The number of setae and the width of the wings seems to be 
constant within broad limits. In one doubtful species paleae have been reported, but 
this species is much larger and has many more abdominal setigers than is usual for 


the genus. 


Text-ric. 15. 


Cc ji Cau . ( ) 2 

hone fil OV data Southern a and b edge-on and lateral VIEWS of abdominal uncinus 

L abi Ucra bar wer nN. Sp. (c) later al VleWw of thoracic ho ok > d thoracic palea 2 é and e edge on 
and lateral V1lews of abdominal hook. : 

Or vOps V3 neglecta Banse. (9) longer th 10racic capillary dorsal View of ollar n ase O 

> (h) Cc a d b f 

gills > (9) edge-on View of abdominal uncimus k lateral VIEW of ame ; f (8) View 
tk Oracic hook > (m) lateral View of same ; ( ) ? (2) t nt 1e of 
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Thoracic neurosetae : The number of setae per row is variable but the disposition 
of the teeth above the main fang has not received the attention it deserves since a 
lateral view always gives the impression of a few indistinct teeth above the main 
fang. However, a full-face view under oil immersion shows that the teeth are set in 
two or three arcs above the main fang and the first arc usually has fewer and stouter 
teeth than the arcs above it. Thus there may be a main fang, a single large tooth 
and then an arc of 6-8 smaller teeth giving the formula MF : 1 : 6-8. 

Abdomen : The number of abdominal segments is surprisingly constant and 
does not vary more than 1-2 in adults. This is a valuable character. 

Abdominal uncint : The number of uncini per row decreases towards the end of 
the abdomen but the maximum number is fairly constant, e.g. 6-9, 12-15, 15-20. 
Individual uncini also show important differences in number of tooth rows, relative 
size of basal tooth and side view of whole uncinus. The best method is to split off 
one side of the body, treat with lactic acid or dilute KOH on a slide, clear in glycerine 
and examine under oil immersion to obtain a full face view of the uncini. To obtain a 
side view the whole preparation must be masserated to separate the individual uncini. 


Key to Species of Oriopsis of Southern Africa. 

1. 5-6 abdominal setigers . : : , , 2 4 j : ‘ ; 2 
8-10 abdominal setigers : . : 3 ‘ : ‘ ; ; : ; 3 

2. Collar absent. Abdominal uncini 15-20 perrow  . ; : ‘ : . O. neglecta 
Collar low laterally and with a tongue-shaped projection ventrally. Up to 10 abdominal 


uncini per row . ‘ : : : : : : 5 : O. parvula 

Collar with a smooth straight margin. Abdominal uncini 12 per row : 5 O. ehlerst 

3. Collar with a scalloped margin. Abdominal uncini with an enlarged basal tooth . O. emer 
Collar with a smooth straight margin. Abdominal uncini without an enlarged basal 

tooth : ; : : : : : é : : 6 é : O. banset 


ORIOPSIS PARVULA Ehlers, 1913. 

Oria parvula Ehlers, 1913, p. 580. 

non Oria parvula Augener, 1918, p. 586. 

non Oridia parvula Day, 1955, p. 448. Day, 1957, p. 117. 

non Oriopsis parvula Banse, 1957, p. 80. 

No new material has come to hand which can be referred to this species with 
certainty but the descriptions of related species under the name of O. parvula have 
caused so much confusion that a clarification is necessary. The type locality is 
Simonstown in False Bay. Ehlers gave no figures with his description and his type 
has been lost. Augener (1918) reported the same species from Luderitzbucht and 
Swakopmund in South West Africa but stated that in his material the number of 
setigers varies from 14 to 18, which means that some specimens had 6 abdominal 
setigers and others 10 a difference which merits specific rank, and Banse (1957), 
who re-examined Augener’s material, has reported two species, namely O. neglecta 
Banse (1957) with 5 abdominal setigers, and another which he calls O. parvula with 
9 abdominal setigers. This latter I have now renamed O. banset. The diagnostic 
characters of both species are summarized below. 

I have also added to the confusion. In two earlier papers (Day, 1955, p. 448 
and Day, 1957, p. 117) I reported O. parvula from various localities around South 
Africa. The specimens I reported from Hermanus Lagoon were sent to Dr. Banse 
and in 1957 he described them as Desdemona ornata n.g. et sp. I have therefore re- 
examined all my material and find that the specimens from estuaries at Keiskama, 
Kleinmond, Knysna, Hermanus, Milnerton and Umkomaas are D. ornata but others 
from the sea-shore at Strandfontein and Buffels River are Oriopsis sp. 

In brief the only reliable description of O. parvula is Ehlers’ original description 
the known characters of which are summarized below for comparison with O. neglecta 
and O. bansev. 

Length 1-4 mm. with 8 thoracic and 6 abdominal setigers. Each branchial lobe 
with 3 radioles having 6 pairs of pinnules which reach the same level. A shorter, 
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thicker (? pair of) filament projects between the dorsal radioles. Collar widely 
gaping dorsally, low laterally and forming a triangular projection ventrally. Eyes 
present. Thoracic notosetae of setigers 2-8 with 7 similar capillaries without wings 
(‘einfach capillar, nicht gesiumt’) and with slender, often bent tips. Neurosetae 
as 4-5 long-shafter hooks with dentate crests. Abdominal uncini vary from 10 
anteriorly to 3 posteriorly. Individual uncini with the basal prow close to the tooth 
row which in side view seems to be beset with stout teeth and in face view appears to 
be cross-hatched. Pygidium without eyes. 

The above description is reminiscent of O. michaelsent Banse from Western Aus- 
tralia particularly in regard to the number of abdominal setigers and the nature of 
the collar. However, if Ehlers’ statement is correct the thoracic capillaries are 
characteristic. 

ORIOPSIS BANSEI Nn. Sp. 

Oria parvula (non Ehlers) Augener, 1918, p. 586 (partim). 

Oriopsis parvula (non Ehlers) Banse, 1957, p. 80, fig. 5 a—c. 

Description : The following account is based on Banse’s description of Augener’s 
material from Luderitzbucht. 

Length 2 mm. with 8 thoracic and 9 abdominal setigers. Each branchial lobe 
with 3-4 flanged radioles and at least one ventral filament (? palp) as long as the 
radioles. Collar with a narrow dorsal notch, equally developed laterally and ventrally, 
smooth-edged and not produced ventrally. Thoracic notosetae of setigers 2-8 
include 6 long and 3-4 short capillaries. The long capillaries have characteristically 
broad short blades. Neurosetae are 4-5 long-shafted hooks with several closely 
packed denticles above the main fang. Abdominal setigers each have 2 capillaries 
and a row of 10-12 uncini. In lateral view the uncini show about 10 teeth and in 
face view a maximum of 6 teeth per row. Basal tooth no larger than the rest. 


ORIOPSIS NEGLECTA Banse, 1957 (fig. 15 g—m). 
Banse 1957, p. 85, fig. 5 d-e. 


Records : FAL.82 (4), 136 (5), 152 (1), 164 (1). CP.374 (1). 


Description : Length 2 mm. with 8 thoracic and 5-6 abdominal setigers. Each 
branchial lobe with 4 branchial radioles in the adult and a ventral filament (? palps) 
less than half the length of the radioles. Each radiole with 6-8 pairs of pinnules 
which reach about the same level and a long slender tip. Collar indistinct, the 
peristomial segment merely forming a thickened ridge at the base of the branchial 
lobes (see fig. 15 h). Notosetae of setigers 2-8 are 6-9 winged capillaries of two 
lengths. The longer capillaries (fig. 15 g) have rather narrow blades and very long 
hairlike tips. Neurosetae are 4-6 long-shafted hooks (fig. 15 1) with one very large 
tooth and then an arc of 7 denticles above the main fang giving the formula MF : 1:7 
but in lateral view (fig. 15 m) there appears to be only 2-3 large teeth above the 
main fang. Abdominal setigers with 1-2 capillaries and a row of 15-20 uncini. 
Each uncinus (fig. 15 7 and k) shows about 6 rows of 6 teeth above the large basal 
tooth and recurved prow. 

My specimens from False Bay agree very well with Banse’s description except 
that I cannot be certain of the distinction between the filamentous palps and basal 
pinnules. However the lack of a collar is characteristic. Banse has discussed the 
differences between this species and the closely related O. alata (Ehlers) 1897. 


ORIOPSIS EHLERSI n.sp. (fig. 16 a-y). 
Records : FAL.82 (3). 


Description : The holotype is a 3-0 mm. specimen dredged in False Bay at station 


pete It is uniformly pale in alcohol. There are 8 thoracic and 5 abdominal 
setigers. 
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Each branchial lobe (fig. 16 c) bears 3 flanged radioles with long naked tips and 
6-8 pairs of pinnules all reaching the same level. Two long filaments (? palps) to 
the base of each ventral radiole (i.e. 2-pairs). These filamentous palps do not contain 
blood vessels ; they are stouter than the adjacent pinnules and are equal in length 
to the pinnule-bearing part of the radioles. As usual the mouth is on a cone between 
the branchial lobes. 

The collar gapes widely dorsally but is smooth-edged and fairly developed laterally 
and ventrally though there is a shallow notch in the mid-ventral line. A pair of 
indistinct eyes were found inside the collar, but the peristome was too dense to 
determine whether otocysts were present without damaging the specimen. Thoracic 
notosetae of setigers 2-8 are 4-5 longer and 4-5 shorter winged capillaries. The 
longer capillaries (fig. 16 g) have normal blades with long slender tips, but the shorter 
capillaries (fig. 16 f) have very narrow blades and exceedingly fine tips. The neuro- 
setae are 7-8 long-shafted hooks (fig. 16 a) with 7-8 small equal denticles arranged 
in two arcs above the main fang giving the formula MF :2:5-6. In side view 
(fig. 16 6) the crest may appear to be merely striated unless it is compressed when 
3-4 indefinite teeth are seen. 

There are 2-3 long capillaries per abdominal segment. The notosetae are 12 
roughly square uncini (fig. 16 e) per segment each with 8-9 longitudinal rows of 
about 5 teeth arranged in alternating series so that the uncinus appears to be cross- 
hatched in face view (fig. 16 d). The lowest tooth is hardly larger than the rest. 
There are no eye-spots on the pygidium. 

I have named this species O. ehlerst because it is tempting to equate this species 
with O. parvula Ehlers which comes from the same locality and has the same number 
of abdominal setigers. However, Ehlers describes the collar as having a triangular 
ventral projection, the filamentous palps as single and projecting dorsally and the 
thoracic notosetae as all similar and having no wings at all. Possibly these differences 
were due to faulty observation, but in any case nothing is to be gained by referring 
these specimens to a species of which the type has been lost and the description in- 
complete. This species is also close to O. limbata (Ehlers) 1897, having the same 
number of abdominal setigers, a similar collar and two pairs of filaments between 
the ventral pair of radioles. But there are 3 pairs of radioles not 4, there are no 
filaments between the dorsal radioles and only 12 abdominal uncini per row not 20. 


ORIOPSIS EIMERI (Langerhans, 1880) (fig. 16 h-o). 
Oria eimert Langerhans 1880, p. 117, pl. 5, fig. 31 a-c. 


Records : OP.446 (1), 450 (7), 488 (3). 

Description : The type material consists of 5 specimens from CP.450 collected 
on the shore at Mouille Point, Cape Town. The holotype is a complete specimen 
measuring 3 mm. by 0-25 mm. including the branchiae. It is uniformly pale in 
alcohol. 

Each branchial lobe has 3 flanged radioles with 8-10 pairs of pinnules and long 
naked tips (see fig. 16 #). The pinnules are longer at the base of the radioles, but 
they do not all reach the same height. No filamentous palps were found even when 
the branchial lobes were removed from one of the paratypes and split apart. How- 
ever large membraneous lips were present between the ventral pair of radioles. 

The peristomial segment is narrower than those which follow and has a well 
developed collar with a scalloped margin. The collar is widely divided dorsally and 
equally developed laterally and ventrally. The margin has a total of 20 crenulations 
and there is no ventral projection. Eyes are visible internally and also a pair of 
otocysts. 

There are 8 thoracic setigers and 9-10 abdominal ones followed by the pygidium. 
Setiger 1 is hardly wider than the peristome, setiger 2 is wider but the maximum 
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width is reached at setiger 3, which is about 3 times as broad as long. From setiger 
5 the body tapers gently towards the pygidium. Setiger | has notopodial capillaries 
only. Setigers 2-8 have 5 longer and 3 shorter winged capillaries and 3-4 long- 
shafted hooks. The capillaries (fig. 16 7) all have fairly broad wings. The neuro- 
podial hooks (fig. 16j) have a crest of closely packed small teeth above the main 


| m n ° 


Trext-ric. 16. 


Oriopsis ehlersi n. sp. (a) front view of thoracic hook ; (6) lateral view of same; i 
of right branchial lobe ; (d) edge-on view of wedorinnh uncinus ; (e) Tata aaeepbe sean 
_ (f) short type of thoracic capillary ; (g) long type of thoracic capillary. f 
Oriopsis eimeri Langerhans. (h) dorsal view of anterior end; (j) front view of thoracic hook ; 
(k) lateral view of same; (/) edge-on view of abdominal uncinus; (m) lateral view of 
same ; (n) thoracic capillary ; (0) abdominal capillary. ; 
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fang. In lateral view (fig. 16 k) there appear to be about 6 indistinct teeth but in 
face view it may be seen that there are really three arcs of teeth above the main 
fang, the first with 2 large but unequal teeth, the second with about 7 smaller teeth 
and the third with 5 giving the formula MF : 2:7 : 5. 

The 9-10 abdominal setigers bear 2-3 slender capillaries (fig. 16 0) whose blades 
are only visible at the base except under oil-immersion. The uncini are in rows of 
9-11 per segment and each uncinus (fig. 16 J) has an oval tooth-crest with about 6 
transverse rows of teeth with about 7 teeth in each row. The basal tooth is enlarged. 
In lateral view (fig. 16 m) it may be seen that the uncinus is roughly quadrangular 
with a deep prow below the enlarged basal tooth. 

The type locality for O. eimeri is Madeira and there are certain differences between 
Langerhans’ description and mine. Langerhans’ specimens were only 1-0 mm. long 
when mature whereas mine reach 3:0 mm. Again he states that there are 4-8 
abdominal setigers whereas mine have 9-10 ; possibly the unusually wide range he 
records includes juveniles as well as adults. Langerhans when referring to the gills 
mentions ‘ ... drie grossen strahlen und einen ventralen kleinen .. 
Banse (1957) has interpreted this as 3 radioles and a ventral filament but I feel that 
it means 4 radioles of which the ventral one is small. 

The only other species with a scalloped collar are O. crenicollis (Annenkova) 
from the Arctic seas, and O. tristanensis (Day) 1954 from Tristan da Cunha. The 
former is a very large species up to 8 mm. long with 13 abdominal setigers and includes 
paleae in the thorax but the latter is much closer. Although not stated in the original 
description a re-examination of a co-type has shown that it has 4-6 abdominal 
setigers, each branchial lobe has 4 radioles plus a long ventral filament and there are 
17 uncini in each abdominal segment. 


FAMILY SERPULIDAE. 


SERPULA VERMICULARIS Linn., 1767. 
Fauvel, 1927, p. 351, fig. 120 a-g. 
45 (1), 994 (1), 995 (1). TRA. ae (2), 3 


Records : AFR.830 (1), 835 (1), 9 6 (1), 
93 (c), 102 (c), 110 (1), 112 (1), 132 (1), 135 (2). FAL.16 (1), 27 (1), ets 1 (p), 
56 (2), 58(p), 80(p), 122(p), 134 (1), moh ), 327(p), 334 (1), 357 (2), 367 (1). 
MB.9 (4), 13 (1), 20 (2), 27 (3), 49 (22), 67 (2), 78 (1), 85 (1). LIZ.18 (3), 27 (1), 
35 (3). SCD.9 (c), 25 (1), 32 (3), 54 (3), 106 (4), 109 (1), 123 (1), 132 (10), 140 (2 + 


juv.). 


SERPULA VERMICULARIS Linn. var. ECHINATA Linn. 1788. 
Fauvel, 1927, p. 352. 
Records : TRA.54 (1). FAL.306 (1). 
Notes : This is the first record from South Africa. The tube has seven rows of 
recurved spines along its length. 


HypROIDES NORVEGICA (Gunnerus, 1768). 
Fauvel, 1927, p. 356, fig. 122 7-0. a ne 
Records : LAM.31 (1 juv.), 57 (1). any 783 (p), 830 (1), 995 (1), 1 
TRA.46 (1), 63 (5), 71 (1), 73 (1), 77 (6), 94 (1) 110 (fc), 112 (Ic), 132 (1), 135 (6) 
143 (c). WCD.5 (4), 13 (2), 26 (1), 41 (4). TB. 309 (1 4 FB.307 (1). FAL.184 (8), 
931 (p), 328 (3), 345 (1), 359 (4), 375 (2), 378 (fc). SCD.9 (1), 22 (1), 26 (1), 123 (6) 
143 (3 + 1 juv.), 149 (2). 


550 J. H. DAY: [J.L.S.Z. 


HypRomDEs preoma (Schmarda, 1861). 
Augener, 1918, p. 593, text-fig. 106. Wet ve 
Records : FB.302 (2), 309 (1), 310 (1), 311 (1). FAL.8 (1), 16 (1), } ; 
44(3), 51 (10), 80(p), 104(p), 149 (6), 156 (2), 182 (1), 249 (1), 258 (1). 269 (1), 
275 (3). MB.49 (1). LIZ.35 (3). SCD.58 (2). 


Text-Fric. 17. 


Neovermilia capensis n.g. et sp. (a) edge-on view of thoracic uncinus ; (b) lateral view of same ; 
(c) dorsal view of body and base of gills; (d) abdominal geniculate capillary ; (e) oper- 
culum ; (f) collar seta; (g) thoracic capillary. 

Ficopomatus capensis n.sp. (h) operculum; ( j) large type of collar seta; (k) slender type of 


collar seta ; (J) abdominal geniculate capillary ; (m) edge-on view of thoracic uncinus ; 
(x) lateral view of same. 


XLIv] POLYCHAETS OF SOUTH AFRICA 551 


NEOVERMILIA CAPENSIS n.g. et sp. (fig. 17 a-g). 

Records : FAL.355 (2). 

Description : The two specimens have characters intermediate between Serpula 
and Vermiliopsis and would have been referred to Vermilia Lamarck had the latter 
genus been sufficiently well defined and not based on an empty tube. As it is the 
genus Vermilia would need a new definition and it is felt safer to found a new generic 
name based on a fully described type species. 

The tubes are broken but the parts that remain are circular in cross section and 
do not show any special features. The smaller of the two specimens is complete 
and is designated the holotype. It is 25 mm. long including the gills and 4 mm. 
wide across the thorax with 7 thoracic and 60 abdominal segments. The gills are 
about half as long as the body. The whole worm (fig. 17 c) is pale in alcohol. 

_ The operculum (fig. 17 e), which is borne on a slender trangular stalk without 
wings, is radially symmetrical, soft and funnel-shaped with a superficial resemblance 
to that of Serpula vermicularis ; closer examination however, shows that it is quite 
smooth and lacks radii. There is no false operculum. The branchial lobes are spiral 
and each has 4 whorls of radioles united by a web for a quarter of their length. The 
pinnules are very fine and the tips of the radioles are short. A spiral groove spirals 
down the side of each branchial axis and unites with its fellow at the base of the 
gills to form a shelf or lower lip below the mouth. There are no palps. 

The two sides of the collar are widely separated dorsally and deeply incised 
laterally so that the whole collar forms three parts—a broad ventral lobe and two 
smaller lateral ones. The lateral lobes are continuous with the thoracic membranes 
which are broad and extend the whole length of the thorax, curve around setiger 7 
and form a continuous ventral membrane at the junction of the thorax and the 
abdomen. 

The collar setae (fig. 17 f) are much smaller than the succeeding thoracic noto- 
setae and are well forward. They are all plain capillaries with very narrow, rather 
striate blades. There are definitely no bayonet-setae such as are found in the genus 
Serpula. Succeeding thoracic notosetae (fig. 17 g) are winged capillaries with broader 
blades and there is no sign of dentate-edged ‘setae of Apomatus’ even at the end 
of the thorax. Thoracic neurosetae are rectangular uncini with a single series of 
6 teeth above the main fang (see fig. 17 a and b). 

The abdomen consists of about 60 segments with uncini similar to those of the 
thorax and neurosetae in the form of geniculate capillaries (fig. 17 d) with minutely 
toothed blades. 

Although this species has a superficial resemblance to Serpula the operculum is 
really different and it lacks the bayonet-shaped collar setae and has geniculate not 
trumpet-like or T-shaped abdominal neurosetae. In these features it is closer to 
Vermiliopsis but the latter has a conical horny operculum and ‘ setae of Apomatus ’ 
among the thoracic notosetae. A history of Vermilia and related genera is given 
by Bush (1907). According to Pixell (1913) the absence of ‘setae of Apomatus ’ 
distinguishes Vermilia Lamarck from Vermiliopsis Saint-Joseph. On the other 
hand Fauvel (1927, p. 362) states that Vermilia was probably erected for Vermilia 
rostrata, an empty tube from Australia and that the genus has since been used to 
include species as widely divergent as Serpula and Pomatoceros. 

It is suggested that the new genus Neovermilia be defined as follows : 

Body symmetrical with 7 thoracic and numerous abdominal segments. A simple 
operculum with a smooth stalk. Branchial lobes sometimes spiral. Collar setae are 
winged capillaries. Subsequent thoracic notosetae do not include setae of Apomatus 
with dentate blades. Thoracic uncini are quadrangular plates with a single series 
of teeth. Abdominal notosetae are similar to the thoracic uncini. Abdominal 
neurosetae are geniculate capillaries with minutely toothed blades. Type species : 
Neovermilia capensis. 
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VERMILIOPSIS GLANDIGERUS (Gravier, 1908). 
Graveir, 1908, p. 121, pl. 8, figs. 290-291; text-figs. 476-481. 
Records : WCD.30 (1). TRA.30 (1). FAL.16 (1), 29 (p), 134 (1), 258 (2), 275 (1). 
MB.66 (1). 


VERMILIOPSIS PYGIDIALIS (Willey, 1905). 


Pillai, 1960, p. 27, fig. 10 a-g. 

Vermilia pygidialis Willey, 1905, p. 318, pl. 7, figs. 194-196. 

Records : FAL.245 (3). 

Notes : These specimens are referred to V. pygidialis with some hesitation as 
they differ from Willey’s original description and Pillai’s very complete description 
of a specimen from the type locality (Ceylon) in several respects. 

The tube is sinuous and attached throughout its length. It has lateral flanges 
attached to the substratum and three dorsal ridges armed with spines slanting 
towards the mouth of the tube. The worm itself is smaller than most species of the 
genus being only 12 mm. long for 60 segments ; Pillai’s specimens were up to 21 mm. 
The operculum is very large and conical but has only 10 transverse partitions, whereas 
Pillai’s specimen has more than twice this number. The setae agree with those 
_ figured by Pillai though the setae of Apomatus have a rather shorter toothed part of 
the blade. The uncini have about 12 teeth and the basal gouge is expanded and 
truncate when seen edge on. There is a glandular patch at the end of the abdomen. 

Both Willey (1905) and Pixell (1913) have stressed that the ends of the branchial 
radioles are swollen and this has been used by Fauvel (1953) as a diagnostic feature. 
Although a specimen identified by Pixell from Suez was examined in the British 
Museum this feature was not obvious. In my own specimens the tips of the radioles 
are digitiform. Pixell also mentions that the thoracic membranes are short and with 
this my specimens agree. The membranes end behind setiger 2 and do not reach 
setiger 5 as they do in the related species V. glandigerus. V. pygidialis also differs 
from V. glandigerus in having many more partitions in the operculum and in having 
an adnate, ridged tube instead of an erect cylindrical one. 


FICOPOMATUS CAPENSIS n. sp. (fig. 17 h—n). 
Records : SCD.118 (1). 


Descrietion : The holotype is a single complete specimen with its tube. It 
was dredged at station SCD.118 at 34° 24’ §/21° 46’ E at a depth of 18 metres on a 
rocky bottom. The tube is triangular in section and is attached throughout its 
length to a calcareous polyzoan. The keel is not sculptured. The worm itself is 
15 mm. long including the gills by 0-4 mm. broad and has 7 thoracic and 64 abdominal 
segments. The body and gills are uniformly pale in alcohol. 

The operculum (fig. 17 h) is an elongated chitinous cone of the type common in 
the genus Vermiliopsis but it has no internal septa. Each branchial lobe bears 7 
radioles with tapered tips of medium length. The radioles are free from one another 
except at the base. There is no false operculum. 

The body is rather slender and the thorax and abdomen are about the same 
diameter. The collar is membraneous and divided into three parts ; there are a 
pair of small dorsal lobes continuous with the thoracic membranes and one large 
lobe which is continuous around the sides and ventral surface. The thoracic mem- 
branes are short and extend only from the dorsal lobes of the collar to the posterior 
margin of setiger 3. There is no free ventral membrane at the end of the thorax 
which thus merges smoothly into the abdomen. The latter is the same diameter 
as the thorax and only near its end does it taper off to the pygidium which bears a 
pair of small cushion-shaped lobes. 
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The collar setae are well developed and consist of two types : (a) about 7 large 
setae (fig. 17 9) with stout shafts and a separate toothed boss before the beginning 
of the rather narrow serrated blade. These large setae are reminiscent of the bayonet 
setae of Serpula but the boss at the base of the blade bears 3-5 teeth not 2 and the 
blade is serrated basally not smooth. (b) about 7 slender setae (fig. 17 k) with 
geniculate serrated blades. 


Setigers 2-7 have notosetae which are quite normal winged capillaries. There 
are no ‘setae of Apomatus’ with distally toothed blades. The uncini (fig. 17 m 
and n) are a row of quadrangular plates each with a single row of 8 teeth of increasing 
size ; the last and largest tooth extends well beyond the blunt recurved prow. 
Note that the latter is not emarginate or forked as described for F. macrodon. 

In the abdomen the uncini are essentially similar to those of the thorax but 
smaller. The capillaries in the neuropodia (fig. 17 /) are geniculate with minutely 
toothed blades. 

This species has collar setae reminiscent of Serpula and an operculum of the 
Vermiliopsis type. It is referred to the genus Ficopomatus with some hesitation. 
The latter genus was erected by Southern (1921) for F. macrodon from Chilka Lake 
in India and as far as I am aware no other species has been described. The present 
species agrees with F. macrodon in having a wingless opercular stalk and the same 
type though not identical setae in the collar, thorax and abdomen. But the dif- 
ferences are also marked. Southern described F. macrodon as having a soft, fig- 
shaped operculum, collar setae with coarsely serrated blades, uncini ending in a 
gouge with divergent prongs and a thoracic membrane which extends the whole 
length of the thorax and curves around the ventral surface. If it be agreed that the 
present species does belong to the genus Ficopomatus then the diagnostic features 
of the latter must be amended as follows : 

Body symmetrical with 7 thoracic and numerous abdominal setigers. Operculum 
soft or chitinous but without spines. Opercular stalk without wings. Collar setae 
include some with a boss at the base of the blade bearing three or more heavy teeth 
and others with simple serrated blades. Subsequent thoracic notosetae are all 
winged capillaries, there being no ‘ setae of Apomatus’ with distally toothed blades. 
Uncini with relatively few large teeth. Abdomen with uncini similar to those of the 
thorax and neuropodial capillaries with geniculate toothed blades. Type species : 
F. macrodon Southern (1921). 


PROTULA BISPIRALIS (Savigny, 1820). 


Day, 1955, p. 449. 
Records : TRA.110 (1). FAL.182 (1), 269 (1). MB.13 (1). 


PROTULA TUBULARIA (Martini, 1776). 


Fauvel, 1927, p. 382, fig. 130 a—l. 
P. capensis McIntosh, 1885, p. 509, pl. 54, fig. 2, pl. 31a, figs. 12-13. 


Records : AFR.728 (1), 730 (1). FAL.106 (1). 


Notes : An examination of the type of Protula capensis McIntosh which is now 
in the British Museum showed that it is identical with P. tubularia. 


FILOGRANA IMPLEXA Berkeley, 1827. 


Fauvel, 1927, p. 376, fig. 129 ab. 

Day, 1955, p. 450 with synonymy. 

Records : AFR.707 (p). TRA.135 (p), 143 (p), 152 (p). TB.309 (fc). FAL.134 
(p), 155 (p), 171 (p), 182 (p). MB.67 (p). KNY.57 (p). LIZ.37 ( fe). SCD.32 (p). 
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Notes : In 1955 I showed that Filograna impleza and Salmacina dysteri are 
merely growth forms of the same worm. In the present material the non-operculate 
form (Salmacina) was present in all colonies examined and the operculate form 
(Filograna) was found in colonies from Table Bay and Port Elizabeth. 


SPrRoRBIS (PARALAEOSPIRA) PATAGONICUS Caullery & Mesnil, 1897. 

Caullery & Mesnil, 1897, p. 205, fig. 12. Pixell 1913a, p. 352, fig. 4. 

Spirorbis borealis (non Daudin) Day, 1955, p. 451. 

Records : 1.B.380 (a). WCD.34 (c). TRA.122(p). FB.327 (p). FAL.105 (p), 
133 (p), 134 (c), 144 (10), 162 (10), 245 (p), 256 (p), 365 (p). 

Description : This species of Spirorbis, which is so abundant all round South 
Africa, is very variable and in many respects these specimens are intermediate 
between S. patagonicus and 8S. malardi. For these reasons a full description is given 
below. 

The tubes are common on stones, shells, hydroids and polyzoans between tide 
marks and in shallow dredgings. On flat surfaces the shells are attached throughout 
the spiral but on fine hydroids and polyzoans they are often partly erect and cork- 
screw-shaped. When alive the gills are orange red and the shells measure 2-3 mm. 
across the spiral. 

The tube coils clockwise when viewed from above (sinistral) and the surface is 
chalky white and may be either smooth or have a median ridge. The branchiae 
have 7 radioles. The operculum has a thick rounded calcerous plate with a fleshy 
rim. The talon of the adult is a stout cone which slants down at an angle to the 
calcareous plate. In juveniles however the plate has a central depression and the 
talon is slender. Incubation takes place in the tube. 

The thorax is asymmetrical with 4 setigers on the inner concave side and 3 on 
the outer. On each side the first setiger has collar setae only, setigers 2 and 3 have 
both capillaries and uncini, but the 4th setiger which is developed only on the inner 
side, consists merely of a row of uncini. In brief there are three rows of uncini on 
the inner side but only two on the outer. Pixell (1912) has referred to this condition 
as ‘34 thoracic setigers ’. 

The collar setae are larger than subsequent notosetae and each has a finely serrated 
blade at the base of which there is a separate fin or lobe with about 4 large teeth and 
some smaller denticles. The second bundle of notosetae are all smooth-bladed 
capillaries, but the third bundle includes both smooth-bladed capillaries and a few 
“setae of Apomatus’ with the distal two-thirds of the blade finely dentate. The 
thoracic uncini have about 4 rows of teeth with 15 teeth in each row and a terminal 
gouge which is broad and truncate or slightly emarginate. 

Caullery and Mesnil (1897) described two species which are very alike, namely 
S. patagonicus from Cape Horn and S. malardi from the English channel. 8S. malardi 
is said to be a smaller species with a more slender talon. However, the main dif- 
ference according to Caullery and Mesnil is that the collar setae of S. patagonicus 
are much smaller than those of S. malardi, but they do not say how the size of the 
collar setae compares with those of the second setiger of the same individual. As 
noted above, the collar setae of South African specimens are larger than subsequent 
notosetae. 

Further material from the English Channel may show that S. malardi and S. 
patagonicus are identical but I have not seen specimens from this locality. I have 
however checked that the South African material is identical with specimens of 9. 
patagonicus from the Falkland Islands, Tristan da Cunha and Kerguelen. 


SPIRORBIS (PARALAEOSPIRA) CAPENSIS n. sp. (fig. 18 a-h) 
Records : AFR.945 (p). FAL.95 (p), 367 (fe). 
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Description : The type material FAL.367n consists of numero i 
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TExt-Fie. 18. 
Spirorbis capensis n.sp. (a) operculum; (b) edge-on view of thoracic uncinus; (c) lateral 
view of same ; (d) large type of collar seta; (e) slender type of collar seta; (jf) smooth- 
bladed thoracic capillary ; (g) ‘seta of Apomatus’; (h) tube. 
Spirorbis foraminosus Moore & Busch. (4) tube; (k) edge-on view of thoracic uncinus. 
Sptrorbis (Laeospira) sp. (l) tube. 


The tubes (fig. 18 h) are very hard, almost vitreous and are closely coiled so that 
the diameter across the spiral is only 1:0 to 1-5 mm. Viewed from above the tubes 
are coiled clockwise (sinistral) and show three distinct ridges near the expanded 
mouth of the tube. The operculum (fig. 18 a) is almost circular in outline, fairly 
thick and has a strong talon. The latter is roughly conical with blunt outgrowths 
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at the sides but there is no keel with recurved hooks such as Pixell (1912) has described 
for S. racemosus. The branchiae have 7 or 8 radioles but it is difficult to be certain. 
Incubation is in the tube. The thorax is asymmetrical with 4 setigers on the inner, 
concave side and 3 on the outer. Setiger 1 bears collar setae only, setigers 2 and 3 
bear both capillaries and uncini and on the concave side there is a fourth setiger 
with uncini only. In brief there are 3 rows of uncini on the inner side and only 
2 on the outer. The bundle of collar setae is unusual in that it contains two types 
of setae : (a) 4 large setae (fig. 18 d) each with a stout shaft and a coarsely serrated 
plade at the base of which is a separate boss with 4 large teeth. The coarse serrations 
on the blade are really a series of cusps as can be seen in face view. (6) About 5 
slender setae (fig. 18 e) each with a smooth blade set at an angle to the shaft. 

The second bundle of setae all have smooth blades but the third bundle has 
again got two types of setae though they are not easy to see. About 5 of them are 
smooth-bladed capillaries (fig. 18 f) and 3 are ‘setae of Apomatus ’ (fig. 18 g) with 
the distal third of the blade expanded and provided with a comblike row of very fine 
teeth. The thoracic uncini (fig. 18 6 and c) have 2-3 rows of teeth with about 20 teeth 
per row and a terminal gouge which is expanded and truncate. The abdomen 
consists of at least 15 segments of which the first few are elongated. 

Specimens from station AF'R.945 agree in all characters except the operculum. 
This organ is a thin, rather concave plate with a large trowel-shaped talon set at a 
small angle to the plate ; lateral projections were not seen. Specimens from station 
FAL.95 have similar opercula to those of AFR.945 and in addition, it was noted that 
the teeth on the stout type of collar setae were not so strongly developed as in the 
type. Moreover the shells which were growing on the polyzoan Retepora were 
completely vitreous. It may be that the specimens from AFR.945 and FAL.95 
are separate varieties or that they were not so well grown as the type even though 
they did contain eggs. 

S. capensis is allied to S. racemosus Pixell from the Pacific coast of America. 
Both belong to the subgenus Paralaeospira and both have collar setae with coarsely 
serrated or cusped blades and with a boss bearing stout teeth at the base. In each 
case there is a difference in the talon though this probably varies in different growth 
stages. However S. capensis seems to be the only representative of the subgenus 
with two types of collar setae. 


SprroRBIS FORAMINOSUS Moore & Busch, 1904 (fig. 18 j-k). 
Moore & Busch, 1904, p. 176, text-fig. e. 
S. foraminosus Augener, 1926a, p. 472. Fauvel, 1930, p. 68. Day 1957, p. 119. 
Records : FAL.144 (5). 


Notes : The original description was brief and later descriptions do not add very 
much. ‘This species is closely allied to S. corrugatus and S. karaativensis and for 
this reason a summary of the main characteristics of South African specimens is 
given below, the tube and uncini are figured and the differences between the three 
species discussed. 

The tubes grow on algal fronds and when viewed from above they coil anticlock- 
wise (dextral), the whole spiral being about 1-5 mm. in diameter when fully grown. 
The tube (fig. 18 9) has three longitudinal ridges and the growth lines are accentuated 
in the grooves between the ridges so as to form a series of cross bars and pits. No 
actual foramina were observed and the original description suggests that the foramina 
from which the species gets its name were due to erosion in old shells. 

The branchiae have 7 radioles with long naked tips. The operculum contains 
developing eggs and when fully developed itis a large cylindrical structure 2-3 
times as long as broad. Its walls.are constructed of thin calcareous and porous 
plates with a flanged circular plate on top and a thicker shield-shaped basal plate 
below. The collar is funnel-shaped and continuous dorsally. 
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There are 3 thoracic setigers bearing 3 bundles of notosetae and 2 rows of uncini 
on each side. The collar setae are all similar and have smooth to pilose blades 
without any separate fin or lobe at the base. The notosetae of setigers 2 and 3 are 
similar and there is no sign of ‘setae of Apomatus’ with distally dentate blades. 
The uncini (fig. 18 £) have about 5 rows of teeth with 20 long teeth in each row. 
The terminal gouge is quite characteristic for it is divided into 3 or even 5 divergent 
prongs like the outstretched fingers of a hand. The abdomen has relatively few 
segments, possible 10. 

S. foraminosus (type locality Suruga Bay, Japan) seems to be an Indo-West-Pacific 
species allied to S. corrugatus (Montagu) 1804 (type locality Devonshire, England) 
and to S. karattivensis Pillai 1960 (type locality Portugal Bay, Ceylon). 8. fora- 
minosus and S. corrugatus have similar tubes and opercula and both lack ‘ setae of 
Apomatus’, but they differ in respect of their collar setae. S. foraminosus has 
smooth collar setae of a single type, while Fauvel (1927) states that S. corrugatus 
has (a) short capillaries, and (6) long capillaries with coarsely toothed blades. There 
is no description of the uncini of either species and certainly no mention of the 3-5 
prongs on the gouge. S. karaitivensis has a tube with a single dorsal ridge, a cup- 
shaped operculum with a wavy edge to the lid, finely serrated collar setae and uncini 
with the most anterior tooth (= ? gouge) large and blunt. 


SPIRORBIS (LAEOSPIRA) SP. (fig. 18 1). 
Records : FAL.44 (5). 


Notes : Two live specimens and three empty tubes were found attached to a 
living colony of the calcareous polyzoan Adeonella. The shell (fig. 18 l) is coiled 
clockwise when viewed from above (sinistral) and is thick and vitreous with strong 
transverse ridges. The operculum is oval in outline with a concave surface and a 
knob-like talon formed of fused upper and lower lobes. Incubation is in the tube. 

The thorax consists of 3 setigers and the abdomen 13. The collar setae have 
finely serrated or even pilose blades with a separate dentate lobe or fin at the base 
of the blade. Setiger 2 has smooth-bladed capillaries and setiger 3 has both smooth- 
bladed capillaries and shorter capillaries with very attenuated tips. No ‘setae of 
Apomatus’ were seen. There are 2 rows of uncini on each side of the thorax and 
each uncinus has 3 rows of teeth with about 15 teeth in each row. The terminal 
gouge is expanded and truncate. 

This species has several characters in common with S. borealis but the tube is 
quite different. The only two specimens were used in making these observations 
and more material is required to check and complete the description. 
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INTRODUCTION 


THIS paper summarizes part of results of the author’s four years’ studies on the 
taxonomy of Indian spiders. 

In the course of my investigations, I collected spiders in various parts of India, 
particularly from West Bengal, Sikkim, Khasi Hills, Assam, Rajasthan desert and. 
Madhya Pradesh. I have also examined the extensive collections of named and 
unnamed material in the Zoological Survey of India. I have had numerous oppor- 
tunities of comparing most of the species identified by me with the type specimens 
of several species in the collections of the Zoological Survey of India. 

I have recorded here a number of known species, not reported since they were 
first described nearly half a century ago. I have also revised the descriptions of a 
number of known species, which are at present very imperfectly and often inaccurately 
characterized. 

Altogether 26 species, contained in 12 genera, are dealt with in this paper. Of 
these, 14 species are new to science. 

The text-figures, which illustrate this paper, were all prepared by myself with the 
use of camera lucida. 

All types are deposited in the National Zoological Collections, Zoological Survey 
of India, Calcutta. 


Family ARGIOPIDAE 


Genus CYRTOPHORA Simon 


Cyrtophora Simon, 1864. Hist. Nat. Araign. : 261. 
Cyrtophora McCook, 1895. Amer. Spiders, 3 : 235. 
Cyrtophora Simon, 1895. Hist. Nat. Araign., 1 : 775. 
Araneus Pocock, 1900. Fauna Brit. India, Arach. : 226. 


Characters.—Cephalothorax short, cephalic region long and high ; eyes in three 
groups the laterals widely separated. Ocular quad a little longer than wide. Legs 
I, Il, IV, III and stout scantily armed. Abdomen conical, tuberculated, nearly 
perpendicular to plane of cephalothorax. 

The spiders of this genus remain hanging downwards from the apex of the inverted 
bowl-shaped web. The genus is remarkable for its architectural mechanism of orb 


webbing. 
Key TO SPECIES 


1. Abdomen furnished with four tubercles above in front. ......-..e seers eet e ete eters 2 
Abdomen furnished with two tubercles above in front........... sees eee ee ee eee teenies 3 
2. Abdomen long, produced posteriorly into a conical prominence. .... +--+ -++erereee eres feae 
Abdomen not long, evenly rounded behind.........++++++++eseeeeeesr re seees moluccensis 
3. Posterior end of abdomen with prominent bifid.........--+ssssse eee eee eters citricola 
Posterior end of abdomen without bifid........... cece seer erence teen ccees cicatrosa 
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1. Cyrtophora feae (Thorell) 


Euestria feae Thorall, 1887. Ann. Mus. Genova, 25 : 173. 
Araneus feae Pocock, 1900. Fauna Brit. India, Arach. : 226. 

Specimens examined.—5 2 and 1 ¢ Sodepur Dist. 24, Parganas, West Bengal, 
17. vii.1958. Coll. B. K. Tikader. 

General.—Cephalothorax and legs ochre; abdomen whitish. Total length 15-00 
mm. Carapace 6-00 mm. long, 4:00 mm. wide; abdomen 10-00 mm. long, 4-50 
mm. wide. 

Cephalothorax.—Longer than wide, with prominent cephalic groove, a deep fossa 
on the centre of cephalothorax; cephalic region high and narrowing in front. Eyes 
of posterior row distinctly procurved, anterior median eyes slightly larger than the 
posterior medians; lateral eyes contiguous. Clypeus moderate. Sternum triangu- 
lar, pointed behind, deep brown with a median longitudinal white line. Legs long, 
slender, armed with long spines; femora banded with longitudinal deep brown line. 

Abdomen.—Long, narrowing posteriorly, with two small shoulder prominences; 
a median longitudinal black band on the dorsum interrupted by pale markings; 
lateral sides ornamented by white long bands. Ventral surface black, spotted with 
white dots. 

Distribution—India: West Bengal; Burma: Tharrawaddy, Rangoon and 
_ Bhamo. 

This species is recorded here for the first time from within the limits of India 


proper. 


2. Cyrtophora moluccensis (Doleschall) 


Epetra moluccensts Doleschall, 1857. Nat. Tijdschr. Nederland, Indie, 13 : 418. 
Araneus moluccensis Pocock, 1900. Fauna Brit. India, Arach. : 226. 

Specimens examined.—10 9 Muki, Dist. Balaghat, M.P., 9.x.1957; 52 Kalimpong, 
Dist. Darjeeling, 6.ix.1959; 10 2 Darjeeling, West Bengal, 12.x.1959; 5 9 Rongli, 
Eastern Sikkim, 1.ix.1959. Coll. B. K. Tikader. 

General.—Cephalothorax and legs blackish; abdomen yellowish-white. Total 
length 20:00 mm. Carapace 9:00 mm. long, 7-00 mm. wide; abdomen 14-50 mm. 
long, 8-50 mm. wide. 

Cephalothorax.—Longer than wide, clothed with grey pubescence, with prominent 
cephalic groove, cephalic region slightly high. Eyes of the posterior line nearly 
straight or only slightly procurved, lateral eyes narrowly separated; ocular quad 
much longer than wide. Clypeus moderate. Sternum triangular, pointed behind, 
black with an incomplete median longitudinal white line. Legs long and strong, 
armed with slender spines; coxae yellowish. 

Abdomen.—Oval, clothed with whitish pubescence; two distinct shoulder pro- 
minences on the dorsum, and three pairs of sigilla behind the shoulder prominences. 

Distribution.—India: Trivandrum, Nilgiri Hills, Sikkim, Madhya Pradesh, 
Kalimpong, Darjeeling; Ceylon; Burma: Tharrawaddy, Rangoon, Moulmein; 
Austro-Malaysia. 


3. Cyrtophora citricola (Forskal) 
Aranea citricola Forskal, 1775. Descript. Anima., etc, p. 86. 
Cyrtophora citricola Workman, 1896. Malaysian Spiders : 32. 
Araneus citricola Pocock, 1900. Fauna Brit. India, Arach, : 226. 
Cyrtophora citricola Dyal, 1935. Bull. Zool. Punjab Univ. 1: 174. 

Specimens examined.—l0 2 Merta city, Rajasthan, 26.xii.1956; 8 Q Muki, Dist. 
Balaghat, M.P., 9.x.1957; 35 9 Gauhati, Assam, 24. ii. 1957; 8 9 Botanical Garden 
Sibpore, Dist. Howrah, 11.xi.1956. Coll. B. K. Tikader. 

General.—Cephalothorax variable from uniform flavous to blackish; abdomen 
also variable from white, grey-brown, yellowish-brown, reddish-brown to even black. 
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Legs light brown. Total length 6-50 mm. Carapace 3-00 mm. long, 2-50 mm. 
wide; abdomen 4:20 mm. long, 3-00 wide. 

Cephalothorax.—Longer than wide, with a median deep longitudinal fossa; 
clothed with fine grey pubescence, cephalic region slightly high and narrowing in 
front. Eyes of posterior line strongly recurved, the space between two anterior 
median eyes more than the space of posterior median eyes. Clypeus moderate. 
Sternum triangular, longer than wide, pointed behind. Legs long, stout, banded by 
dark brown or black. 

Abdomen.—Oval, with a pair of large shoulder prominences and a lateral tubercle 
ph side just in front of the middle, the posterior extremity of abdomen deeply 

ifid. 

Distribution.—India: Bangalore, Chingalput, Kanara, Poona, Punjab, Madhya 
Pradesh, Assam, West Bengal, Rajasthan; Burma; Ceylon; Australia; Mada- 
gascar; Africa; Europe and Egypt. 


4. Cyrtophora cicatrosa (Stoliczka) 


Eperia (Nephila) cicatrosa Stoliczka, 1869. J. Asiat. Soc. Bengal, 38 : 242. 
Araneus cicatrosus Pocock, 1900. Fauna Brit. India, Arach. : 226. 
Cyrtophora cicatrosa Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 413. 
Cyrtophora cicatrosa Dyal, 1935. Bull. Zool. Punjab Univ., 1 : 175. 


Specimens examined.—20 2 Dhakuria, Calcutta, 20.vii.1959; 40 2 Khardah, 
Dist. 24, Parganas; 12 2 Habra, Dist. 24, Parganas; 12.xii.1956; 20 2 Botanical 
Garden, Sibpore, Dist. Howrah, 11.xi.1956. Coll. B. K. Tikader. 

General.—Cephalothorax and legs ochre-coloured, abdomen whitish. Total length 
7-00 mm. Carapace 2-50 mm. long, 2-00 mm. wide; abdomen 5-00 mm. long, 
2-50 mm. wide. 

Cephalothorax.—Longer than wide, clothed with fine grey pubescence; cephalic 
region high and narrowing in front, with three longitudinal black bands from head 
to the base of thorax, the cephalic region also with a pair of lateral black bands. 
Eyes of posterior row slightly recurved and laterals very distinctly separated from 
each other, anterior median eyes slightly larger than posterior median eyes. Clypeus 
narrow. Sternum triangular, black with a medially longitudinal white line. Legs 
long, slender and spined, with a pair of black longitudinal stripes on the dorsal side 
of the femora of I and II, remaining segments of the legs spotted with black. 

Abdomen.—Oblong, rounded at the base, clothed with fine grey pubescence, the 
anterior half with two pairs of black pointed tubercles situated laterally. Anterior 
portion of abdomen ornamented by irregular white and black pigments, a con- 
spicuous black spot between the two posterior tubercles. Posterior to this spot there 
is a reddish-brown square with black sides, which are bounded anteriorly and laterally 
by white lines. Ventral side with a pair of longitudinal white dotted lines extending 
from epigynal region to the base of spinners. 

Distribution.—India: Chingalput, Allahabad, West Bengal, Calcutta, Mysore, 
Poona, Nasik, Punjab; Burma. 


Genus LEUCAUGE White 


Leucauge White, 1841. Ann. Mag. Nat. Hist..7 : 473. 
Argyroepetra Emerton, 1884. Trans. Conn. Acad. Art., Sci., 6 : 331. 
Argyroepeira Pocock, 1900. Fauna Brit. India, Arach. : 215. 
Leucauge Graveley, 1921. Rec. Indian. Mus. Calcutta, 22 : 450. 
Leucauge Dyal, 1935. Bull. Zool. Punjab Unw., 1 : 187. 


Characters.—Cephalothorax truncate in front, legs long and slender, especially the 
first two pairs; the posterior femora with fringe of long hairs. Abdomen twice as 
long as wide, silvery pigment. 
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Key TO SPECIES 


1. Anterior end of abdomen conically elevated... .. 1.2.2.2. 2 cece reser eee eet eee sense ences 2 
Anterior end of abdomen not conically elevated. ....-.-- ++ sree eee tree tee eee eee eres 5 

2. Posterior end of abdomen conically produced........-+--+e+ee eter errr e teeter eters 3 
Posterior end of abdomen not conically produced........--++-+-+sseee rere eee eres aoe 

3. Posterior end of abdomen moderately conically produced......... been teen eee celebesiana 
Posterior end of abdomen strongly conically produced; dorsum with some yellow tint on the 
IMG COMME, .sotcoeaoocconmoapooa0dscnoa boomed Sc sete eee ee ees vee .decorata 

4. Posterior extremity of abdomen with a black spot and three pairs of black spots in front of the 
posterior black spot, the anterior pair smaller .............. beeen eee eee eee es culta 
Anterior half of abdomen marked by three transverse muscular elevations........ bengalensis 

5. Tibia of LV legs with plumose ... 2... ee ee eee cee eter e cera een reeerneeere tessellata 
Tibia of IV legs without plumose........... 2 ee ee eee eee eee eect e eee teen eee ventralis 


5. Leucauge celebensiana (Walckenaer) 


Tetragnatha celebesiana Walckenaer, 1837. Ins. Apt., 2 : 222. 
Leucauge celebesiana Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 450. 

Specimens examined.—50 9 and 10 $ Chongtong, Dist. Darjeeling, West Bengal, 
16.iv.1957. Coll. B. K. Tikader. 

General.—Cephalothorax brownish, legs brownish-green, abdomen silvery-white. 
Total length 9-40 mm. Carapace 3-10 mm. long, 1:70 mm. wide; abdomen 6-40 
mm. long, 3:00 mm. wide. 

Cephalothorax.—Longer than wide, flat, relatively broader in front, with a deep 
groove on the middle. Lateral eyes continguous and nearer to the medians than 
in L. bengalensis; ocular quad longer than wide, anterior medians slightly smaller 
than posterior medians. Clypeus narrow. Sternum deep brown, pointed behind. 
Legs clothed with long hairs and scanty spines. 

Abdomen.—Nearly oval in shape, slightly overlapping the posterior region of 
cephalothorax in front; anterior extremity slightly low; on the dorsum three 
longitudinal black lines from base to tip of abdomen and another three pairs of black 
transverse lines from the longitudinal middle line to lateral sides. Ventral surface 
deep brown with two longitudinal silvery-white lines from epigynal fold to base of 
spinners. 

Distribution.—India: Ootacamund, Poona Ghats, Calcutta, Darjeeling, Kalim- 
pong, Gopaldhara, Ghaumti, Kurseong, Shillong, Cherrapunji, Khasi Hills, Assam; 
Ceylon; Burma: Tharrawaddy, Rangoon and Celebes. 


6. Leucauge decorata (Blackwall) 


Tetragnatha decorata Blackwall, 1864. Ann. Mag. Nat. Hist., 14 : 36. 
Nephila angustata Stoliczka, 1869. J. Asiat. Soc. Bengal, 38 : 241. 
Argyroepetra celebesiana Pocock, 1900. Fauna Brit. India, Arach. : 216. 
Leucauge decorata Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 454. 


Specumens examined.—l0 9 Chongton, Dist. Darjeeling, West Bengal, 16.iv.1957. 
Coll. B. K. Tikader. 

General.—Cephalothorax brown, legs brownish-green, abdomen silvery-white. 
Total length 8-30 mm. Carapace 2-20 mm. long, 1-80 mm. wide; abdomen 6:10 
mm. long, 2-80 mm. wide. 

Cephalothorax.—Longer than wide, flat, a deep groove in the middle; ocular quad 
longer than wide, lateral eyes contiguous. Clypeus narrow. Sternum deep brown, 
triangular, pointed behind. Legs clothed with long hairs and scanty spines; anterior 
half of tibiae deep brown. 

Abdomen.—Nearly oval in shape but narrowing behind, strongly overlapping the 
posterior region of cephalothorax in front. Anterior extremity of abdomen low but 
furnished with two low shoulder-prominences, posterior end of abdomen produced 
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into a conical caudal process; dorsal surface decorated like L. celebesiana but in 
addition with these some yellow tint on the silvery colour. 

Distribution.—India: Bangalore, Mysore, Coonoor, Nilgiri Hills, Madras, Barkul, 
Dehra Dun, Katihar, Siripur, Darjeeling, Rawalpindi, Calcutta; Ceylon. 


7. Leucauge culta (Cambridge) 


Tetragnatha culta Cambridge, 1869. Proc. Linn. Soc. London, (Zool.), 10 : 373. 
Leucauge sexpustulata Simon, 1906. Ann. Soc. Ent. Fr., 75 : 307. 
Leucauge culta Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 453. 


Specimens examined. 2 Soon, Dist. Darjeeling, West Bengal, 7.vii.1914. 
Coll. Carmichael. 

General.—Cephalothorax light brown, legs green, abdomen silvery-white. Total 
length 3-20 mm. Carapace 1-10 mm. long, 0:70 mm. wide; abdomen 2-30 mm. 
long, 1-20 mm. wide. 

Cephalothorax.—Longer than wide, flat. Lateral eyes contiguous, median eyes 
close, anterior median eyes slightly smaller than the posterior medians. Clypeus 
narrow. Sternum triangular, pointed behind. Legs slender, clothed with fine 
long hairs. 

Abdomen.—Oval, posterior extremity with a black spot and three pairs of black 
spots in front of posterior black spot, the anterior pair smaller than the others. 
Ventral surface uniform light brown, two black spots just at the sides of spinners. 

Distribution.—India: Gopaldhara, Pashok, Soon, Darjeeling; Ceylon. 


8. Leucauge bengalensis Gravely 
Leucauge bengalensis Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 455. 


Specimens examined.—10 2 Gobardanga, ca. 58 kilometres north east of Calcutta, 
25.xi.1956; 5 2 Raharah ca. 25 kilometres north of Calcutta; 18.xi.1956. Coll 
B. K. Tikader. 

General.—Cephalothorax and legs brownish-green, abdomen brown. Total 
length 5:60 mm. Carapace 2:00 mm. long, 1:30 mm. wide; abdomen 4:60 mm. 
long, 2-80 mm. wide. 

Cephalothorax.—Longer than wide, cephalic region high, with groove. Lateral 
eyes contiguous, ocular quad longer than wide, the anterior median eyes larger 
than the others. Clypeus narrow. Sternum triangular, pointed behind. Legs 
clothed with hairs and spiny-hairs. 

Abdomen.—Long, strongly overlapping the posterior region of cephalothorax in 
front; anterior half of abdomen marked by three transverse muscular elevations, 
mid-dorsum with a long black line from base to tip but the posterior half broader and 
anterior half transversely cut by two incomplete black lines; the remaining portion 
ornamented by silvery-white; lateral sides decorated by longitudinal black and 
silvery lines. Ventral surface deep brown, spotted with silvery-white. 

Distribution.—India: Calcutta, Hoogly and 24 Parganas. 


9. Leucauge tessellata (Thorell) 


Argyroepeira tessellata Thorall, 1887. Ann. Mus. Civ. Genova, 25 : 135. 
Argyroepeira tessellata Pocock, 1900. Fawna Brit. India, Arach. : 216. 
Leucauge tessellata Gravely, 1921. Rec. Indian. Mus. Calcutta, 22 : 455. 
Specimens examined.—25 2 Kalimpong, Dist. Darjeeling, 17.ix.1959. Coll. B. K. 
Tikader. ; 
General.—Cephalothorax and legs light brown, abdomen silvery-white, with 
blackish tint. Total length 8-30 mm. Carapace 3:70 mm. long, 2-70 mm. wide ; 
abdomen 5:00 mm. long, 3-00 mm. wide. ; 
Cephalothorax.—Longer than wide, clothed with hairs; lateral eyes contiguous, 
ocular quad longer than wide, anterior median eyes slightly smaller than the posterior 
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medians. Clypeus narrow. Sternum triangular, pale brown, clothed with hairs. 
Legs long, stout, clothed with hairs, distal two-third of the tibiae of the IV legs 
with deep brown and this portion provided with scopulae. : 

Abdomen.—Oval, the anterior extremity of abdomen rounded, not elevated ; with 
deep brown patches antero-laterally; on the mid-dorsal three longitudinal deep 
brown lines and these three lines transversely cut by four lines. Ventral surface 
dark, with a pair of clearly defined longitudinal silvery bands. 

Distribution.—India: Cochin, Gopalathora, Kalimpong Sonarpur Assam, Bhutan; 
Burma. 


10. Leucauge ventralis (Thorell) 


Meta ventralis Thorall, 1877. Ann. Mus. Stor. Nat. Genova, 10 : 423. 
Argyroepeira ventralis Pocock, 1900. Fauna Brit. India, Arach. : 216. 
Leucauge ventralis Gravely, 1921. Rec. Indian Mus. Calcutta, 22 : 452. 
Leucauge ventralis Dyal, 1935. Bull. Zool. Punjab Univ., 1 : 188. 


Specimens examined.—d 2 Dhakuria (Calcutta) 25.xi.1956. Coll. B. K. Tikader. 

General.—Cephalothorax brownish-green, legs green, abdomen greyish. Total 
length 6-40 mm. Carapace 2-50 mm. long, 1:80 mm. wide; abdomen 4:00 mm. 
long, 2-30 mm. wide. 

Cephalothorax.—Long, cephalic region not high, a deep groove on the centre of 
- cephalothorax, lateral margin only broader portion with deep brown. Lateral eyes 
contiguous, ocular quad longer than wide, eyes more or less similar in size. Clypeus 
deep brown, triangular, pointed behind. Legs clothed with hairs and scanty spines. 

Abdomen.—Long, clothed with grey pubescensces, clouded with black marking; 
ventral surface with a longitudinal broad black line from epigynal fold to base of 
spinners. 

Distribution —India: Cochin, Calcutta; Ceylon. 


Genus NEPHILA Leach 


Nephila Leach, 1815. Zool. Misc., 2 : 133. 
Nephila Pocock, 1900. Fauna Brit. India, Arach. : 217. 
Nephila Sinha, 1951. Rec. Indian Mus. Calcutta, 49 : 68. 


Characters.—Cephalic region convex and moderately high generally armed 
posteriorly with two tubercles; ocular quad nearly square. Legs very long, clothed 
with spines, metatarsi longer than tibiae and patella. Vulva not well developed. 
Male very small, with simple palpus. 


KEY TO SPECIES 


IeBodysvyholly deep) black, about.4 0nmmi. Lon gr eerie yates erent tere teeter eee robusta 
Body. not: wholly) blacksiS.ciss nd sere Oe a aalte eharts lees AoE as Nee oe ae 2 
2.7 Legs black; vabdomen spotted yello warmer etter tc ae eiieeen eee enna maculata 
Legs mostly red; abdomen relatively less variegated ................ceeeeeeceeeees kuhlii 


11. Nephila robusta sp. nov. 


General.—Cephalothorax, legs and abdomen deep black. Total length 40-00 
mm. Carapace 14-00 mm. long, 10-00 mm. wide; abdomen 26-00 mm. long, 
7-50 mm. wide. 

Cephalothorax.—Longer than wide, relatively broader in front, posterior half 
clothed with silky-grey pubescence a longitudinal row of spines from the centre of 
ocular quad to middle of cephalic region, a slightly deep groove on the centre of 
cephalothorax, with a pair of sharp tubercles in front. The four median eyes situated 
on the elevated region of head; ocular quad slightly narrow in front. Clypeus 
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narrow. Sternum black, triangular, pointed behind. Legs very long, clothed with 
hairs and spines; coxae of III and IV reddish in colour. 

Abdomen.—Very long, clothed with black velvet-like pubescence, a broad longi- 
tudinal very light yellowish line on the mid-dorsal surface of abdomen. 

Holotype.—One female in spirit. 

Type-locality—Gobardanga ca. 50 kilometres north-east of Calcutta, 30.ix.1956. 
Coll. B. K. Tikader. 

_ This species resembles Nephila maculata (Fabricius) but is separated as follows :— 
(i) Cephalothorax, legs and abdomen deep black but in N. maculata cephalothorax 
and legs black but abdomen olive-brown. (ii) Ventral side of abdomen uniform 
black but in V. maculata ventral side ornamented with many yellow spots. 


12. Nephila maculata (Fabricius) 


Aranea maculata Fabricius, 1703. Ent. Syst., 2 : 425. 
Nephila maculata Pocock, 1900. Fauna Brit. India, Arach. : 217. 
Nephila maculata Gravely, 1923. J. Bombay Nat. Hist. Soc., 28 : 1047. 


Specumens examined.—5 2 Botanical Garden, Sibpore, Dist. Howrah, 11.xi.1956; 
10 9 and 3 ¢ Gobardanga, Dist. 24 Parganas, 30.ix.1956; 50 9 Muki, Dist. Balaghat 
M.P., 9.x.1957. Coll. B. K. Tikader. 

General.—Cephalothorax and legs black, abdomen olive-brown. Total length 
30:00 mm. Carapace 10-50 mm. long, 8:00 mm. wide; abdomen 22-00 mm. long, 
6-50 mm. wide. 

Cephalothorax.—Longer than wide, clothed with silky, greyish-yellow pubescence, 
relatively broad in front; a deep groove in the middle, with a pair of sharp tubercles 
in front. Ocular quad square and slightly high. Clypeus narrow. Sternum dark, 
triangular, pointed behind. Legs very long, clothed with hairs and spines; coxae of 
legs and first half of palpus yellow. 

Abdomen.—Very long, clothed with hairs; slightly overlapping the posterior 
region of cephalothorax in front; ornamented below with many yellow spots and 
dorsal surface with a pair of longitudinal yellow lines from base to tip of the abdomen. 

Distribution.—India: Tinnevelly, Trivandrum, Ootacamund, Kanara, Dehra 
Dun, Darjeeling, Madhya Pradesh, Sikkim, Assam, Poona, West Bengal, Nicober 
Island; Burma: Tharrawaddy, Tounghoo, Rangoon; Ceylon, China and Australia. 


13. Nephila kuhlii Doleschall 


Nephila kuhlii, Doleschall, 1859. Verh. Nat. Ver. Nederland Indie, 5 : 27. 
Nephila kuhlii, Pocock, 1900. Fauna Brit. India, Arach. : 218. 


Specimens examined.—l10 9 Gobardange, Dist. 24 Parganas, West Bengal, 
30.ix.1956. Coll. B. K. Tikader. 

General.—Cephalothorax and abdomen black, legs reddish. Total length 35-00 
mm. Carapace 12-00 mm. long, 10-00 mm. wide; abdomen 25-00 mm. long, 
8-00 mm. wide. 

Cephalothorax.—Longer than wide, clothed with black pubescence, relatively 
broader in front, a deep groove in the middle, with a pair of sharp tubercles in front. 
Ocular quad square. Clypeus narrow. Sternum black, triangular, pointed behind. 
Legs very long, clothed with hairs and spines, patella, metatarsi, tarsi and extremities 
of the femora and tibiae black. 

Abdomen.—Very long, clothed with black pubescence, slightly overlapping the 
posterior region of cephalothorax in front; a broad longitudinal faint greyish-yellow 
line on the mid-dorsal side of the abdomen. 

Distribution.—India: North India, Darjeeling, West Bengal; Burma. 
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Family CLUBIONIDAE 
14. Cheiracanthium saraswatii sp. nov. 


1 dish-brown in 
General.—Cephalothorax deep brownish-green when fresh and red 
preserved content abdomen and legs pale green. Total length 9-40 mm. Cara- 
pace 3-40 mm. long, 2:20 mm. wide; abdomen 5-80 mm. long, 3:70 mm. wide. 


~ 
aN 
S 


Fig. 1.—Chetracanthium saraswatii sp. nov. (a) Dorsal view of female. (6) Maxillae and labium. 
(c) Epigyne. (d) Male pedipalp. 


Cephalothorax.—Rather flat, wide in front, with a fovea in the middle and 
covered with fine pubescence. Anterior row of eyes very slightly procurved (viewed 
from front); posterior row longer, more procurved than anterior, medians oval and 
white, slightly larger than laterals and more close to the adjacent laterals than to 


XLIV] STUDIES ON SOME INDIAN SPIDERS 569 


each other. Chelicerae strong, nearly vertical and inner margin provided with 
two equal teeth but outer margin with one tooth large and another very small. 
Maxillae and labium as in Fig. 1, 6. Sternum oval, pointed behind, densely clothed 
with hairs, margin with dark spots opposite the coxae. Legs long, stout, clothed 
with hairs. Femora I and II provided with four dorsal long spines, of which two are 
close to the base; tibiae with two pairs of ventral spines; metatarsi with only one 
pair of ventral spines. Scopulae extend up to the base of metatarsi I and II and 
up to the base of tarsi II] and IV. Palp of male as in Fig. 1, d. 
Abdomen.—Rather long, narrowed posteriorly, clothed with pubescence as in 
carapace, sometimes with a faint dorsal marking extending from base to mid-dorsum. 
Ventral side more light than dorsal. Epigyne as in Fig. 1, c. 
Holotype —One female, allotype one male, paratype three females, in spirit. 
T'ype-locality—Kench’s Trace, Shillong, Assam, 28.i1.1960. Coll. B. K. Tikader. 
This species resembles Cheiracanthium erratucum (Walckenaer) but is separated as 
follows :—(i) Carapace deep brownish-green, covered with fine pubescence and with 
a fovea but in C. erraticum carapace yellow-brown to red thickly covered with very 
fine hairs and a fovea with obscure radiating streaks. (ii) Sternum oval pointed 
behind, margin with dark spots just opposite coxa but in C. erraticum sternum 
coloured like the carapace and darker towards the edges. 


Family AGELENIDAE 
15. Agelena gautami sp. nov. 


General.—Cephalothorax light brown, legs light green when fresh; abdomen 
very dark brown. Total length 8-80 mm. Carapace 4:00 mm. long, 2:90 mm. 
wide; abdomen 5:00 mm. long, 3:50 mm. wide. 

Cephalothorax.—Rather long, the cephalic region narrowed and conspicuously 
high; thoracic region flat, with a deep brown line. Eyes white, nearly equal in size 
but the anterior medians very slightly larger than others; both rows markedly 
procurved (as seen from above and from in front). Clypeus high and vertical, each 
row with three teeth. Sternum oval, pointed behind, clothed with hairs. Legs 
long and stout, moderately densely clothed with long hairs and spines; III legs 
shorter than others. 

Abdomen.—Broadly elliptical, very dark brown, densely clothed with hairs. 
Ventral surface lighter than the dorsal. Anterior spinners distinctly separated, 
posterior much longer and two-segmented, the apical segment longer than the basal 
and tapering, as in Fig. 2. 

Holotype—One female; paratype, six females, in spirit. 

Type-locality—Kench’s Trace, Shillong, Assam, 9.i1.1960. Coll. B. K. Tikader. 

This species resembles Agelena labyrinthica (Clerck) but is separated as follows :— 
(i) Cephalothorax light brown with a fovea and radiating striae, lateral margin 
encircled by a deep brown line but in A. labyrinthica a median light brown band, 
almost parallel-sided and width of the ocular area, runs the whole length. (ii) Abdo- 
men uniform dark brown but in A. labyrinthica dark sooty-grey, with lighter longi- 
tudinal median region mottled with the darker colour, and on each side of this a 
series of dusky-brown light curved transverse bars. 


Family THOMISIDAE 
16. Thomisus sikkimensis sp. nov. 


General.—Cephalothorax and legs brownish-green; ocular area yellowish-brown, 
with small chalk-white patches. Abdomen chalk-white. Total length 9-20 mm. 
Carapace 4-60 mm. long, 4-60 mm. wide; abdomen 5:00 mm. long, 6-20 mm. 
wide. 
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Fic. 2.—Agelena gautami sp.nov. Dorsal view of female. 
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Cephalothorax.—Broadest posteriorly, slightly narrowing in front, as long as wide. 
Antero-lateral sides with conspicuous longitudinal black bars. Ocular area encircled 
by a yellowish-brown triangle. Eye black, posterior median eyes somewhat smaller 
than the anterior medians. Clypeus long, subrectangular. Legs long and stout 
I and IT legs longer than III and IV legs. I and II legs with conspicuous black 
spots on trochanter, basally and apically below on femur, a black transverse band 
apically on patella and tibia. Tibia of I apically with two pairs of ventral spines 
and metatarsi with five pairs of stout ventral spines; III and IV pairs of legs un- 
spotted and without spines. 


b 


Fic. 3.—Thomisus sikkimensis sp.nov. (a) Dorsal view of female. (b) Front view 
of first leg. (c) Epigyne. 


Abdomen.—Pentagonal, slightly overlapping the posterior region of cephalo- 
thorax in front, broadest just behind the middle; a black transverse incomplete 
line on the broadest region and two black spots just in front of the transverse line 
sublaterally with broad black patch; posterior end with conspicuous transverse 
muscular corrugation. Epigyne as in Fig. 3, c. 

Holotype.—One female, in spirit. 

Type-locality Rishi, West Sikkim, 24.ix.1959. Coll. B. K. Tikader. 

This species is closely related with Thomisus projectus Tikader but is separated 
as follows :—(i) Metatarsi of I with five pairs of stout ventral spines but in 7’. projectus 
metatarsi of I with six pairs of ventral spines. (ii) Antero-lateral sides of cephalo- 
thorax with conspicuous longitudinal black bars but in 7’. projectus no such bars. 
(iii) A black incomplete transverse line on the broadest region of abdomen but in 
T. projectus no such black line. 


17. Pistius sreepanchamii sp. nov. 


General.—Cephalothorax and legs white, mottled with green, abdomen white and 
mottled with brown. Total length 6-50 mm. Carapace 3-90 mm. long, 3-80 mm. 
wide; abdomen 2-80 mm. long, 3-20 mm. wide. 
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(6) Epigyne. 


(a) Dorsal view of female. 
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Fig. 4.—P 
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Cephalothorax.—Convex, high; oval in outline, somewhat narrow in front: 
almost all green spots with a central short spine; ocular and posterior areas without 
green spots. Eyes black; anterior medians slightly closer than posterior medians; 
the median ocular area slightly longer than wide; lateral eyes large on low white 
tubercles and anterior laterals larger than posterior laterals; the eyes of anterior 
row equidistant, subequal, recurved; the posterior row also equidistant and sub- 
equal but less recurved than the anterior row. Clypeus high and obtuse, spotted like 
carapace, margin provided with small hairs, directed forward. Sternum oval, 
pointed behind. Legs I and II much longer than III and IV, tibiae I and II armed 
ventrally with three pairs of spines and on the metatarsi eight pairs of ventral spines. 

Abdomen.—After oviposition almost rounded but margin not wholly straight; 
slightly overlapping the posterior region of cephalothorax, posterior half with con- 
spicuous transverse corrugation, moderately truncated. Epigyne as in Fig. 4, 6. 

Holotype.—One female; paratype, three females, in spirit. 

Type-locality. Botanical Garden, Shillong, Assam, 9.i.1960. Coll. B. K. 
Tikader. 

This species resembles Pistius truncatus (Pallas) but differs as follows :—(i) Cara- 
pace whitish mottled deep green and all dots centrally with a small spine, while in 
P. truncatus carapace brown, mottled yellow or yellowish-brown, clothed with 
numerous very short fine hairs. (ii) Abdomen dirty white no chevrons but in P. trun- 
catus abdomen brown with whitish ill-defined chevrons. 


18. Misumena horai sp. nov. 


General.—Cephalothorax and abdomen yellowish-brown, legs pale brown. . Total 
length 3-00 mm. Carapace 1-30 mm. long, 1:50 mm. wide; abdomen 2-00 mm. 
long, 2:30 mm. wide. 

Cephalothorax.—Convex, slightly wider than long, clothed with fine pubescence 
and a few spines; cephalic region slightly high. Posterior row of eyes slightly 
recurved and almost equal and equidistant, anterior row more recurved than posterior 
row, lateral eyes situated on the elevated confluent white tubercles; anterior lateral 
eyes larger than others, the median ocular area a little narrower in front than behind. 
Clypeus high. Legs I and II much longer than III and IV, armed with three front 
and two dorsal spines on the I femur; on tibiae I with three pairs and metatarsi 
with four pairs of ventral spines; clothed with fine hairs. Sternum heart-shaped, 
slightly pointed behind. 

Abdomen.—Rounded, broadest just behind the middle, dorsally with two longi- 
tudinal rows of 6-10 black spots, anteriorly lateral area with irregular chalk-white 
patches. Ventral side yellowish but the surrounding area of spinners with very 
dark brown patch. Padipalp of male as in Fig. 5, b. 

Holotype.—One female; paratype, five females, in spirit. 

Type-locality—Kench’s Trace, Shillong, Assam, 30.1.1960. Coll. B. K. Tikader. 

This species is close to Misumena vatia (Clerck) but is separated as follows :—_(i) 
Cephalothorax uniform yellowish-brown but in M. vatia with whitish central band, 
edged on either side with olive-green or brown. (ii) Abdomen dorsally with more 
or less longitudinal rows of 6-10 black spots and anterior lateral area with irregular 
chalk-white patches but in M. vatia abdomen pale green or whitish, but a variety 
is common in which the prevailing colour is yellow, bearing dorsaly two longitudinal 
crimson lines. 


19. Misumena mridulai sp. nov. 


General.—Cephalothorax, legs and abdomen yellowish. Total length 6-10 mm. 
Carapace 2-40 mm. long, 2:40 mm. wide; abdomen 3:90 mm. long, 4:00 mm. 
wide. 
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Cephalothorax.—Convex, as long as wide, cephalic region slightly high. Eyes of 
the posterior row slightly recurved and almost equidistant. The anterior row more 
recurved than the posterior row, lateral eyes situated on the elevated confluent white 
tubercles; anterior lateral larger than others. The median ocular area a little 
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Fia. 5.—Misumena horai sp.nov. (a) Dorsal view of female. (b) Male Pedipalp. 
(c) Ventral view of abdomen. 


narrower in front than behind. Clypeus high. Legs I and II much longer than 
III and IV, armed ventrally on tibia I with five pairs and metatarsi with six pairs 
of robust spines, legs clothed with fine hairs. Sternum heart-shaped, slightly pointed 
behind, clothed with fine hairs as in Fig. 6. 

Abdomen.—Rounded, slightly overlapping the posterior region of cephalothorax 
in front, broadest just behind the middle; an incomplete light brown line mid- 
dorsally and five small sigilla-like depressions on posteriorly diverging line on either 
side of the mid-dorsum. 
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Holotype.—One female; paratype, one female, in spirit. 

Type-locality.—Kench’s Trace, Shillong, Assam, 29.iii.1960. Coll. B. K. Tikader. 

This species resembles Miswmena vatia (Clerck) but is separated as follows :—(i) 
Cephalothorax uniform yellowish but in M. vatia with whitish central band edged 
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Fic. 6.—Misumena mridulai sp.nov. Dorsal view of female. 


on either side with olive-green or brown. (ii) Abdomen with an incomplete longitu- 
dinal light brown line mid-dorsally and five small sigilla-like depressions on the dorsum 
situated on posteriorly diverging line on either side of the mid-dorsum but in M. 
vatia with pale green or whitish, but a variety is common in which the prevailing 
colour is yellow, bearing dorsally two longitudinal crimson lines. 


20. Xysticus kamakhyai sp. nov. 


General.—Cephalothorax dirty yellowish-brown, legs brownish-yellow, abdomen 
dirty yellowish-brown. Total length 2-40mm. Carapace 1-10 mm. long, 1:30 mm. 
wide; abdomen 1-50 mm. long, 1-90 mm. wide. 

Cephalothorax.—Wider than long, spined, a U-shaped broad, dark brown patch, 
with base of the U in the ocular area and the limbs directed backward and sublaterally 
on the cephalothorax. Clypeus high and broad, margin provided with six strong 
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spines directed forward. EKyes round, black, ringed with whitish-brown tubercles; 
both rows recurved but posterior row longer, lateral eyes large but anterior lateral 
largest, ocular quad longer than wide, the space between anterior medians smaller 
than the space of posterior medians. Sternum oval, pointed behind, moderately 
densely clothed with fine hairs. Legs strong and spined; legs I and IT longer than 
others, on the front side of I femur with three conspicuous strong spines; _tibiae 
with two pairs of ventral spines and metatarsi with three pairs of ventral spines as 
in Fig. 7. 


Fig. 7.—Xysticus kamakhyat sp.nov. Dorsal view of female. 


Abdomen.—Ovate, wider than long, clothed with spines, dorsal side with two 
longitudinal deep brown irregular broad patches interrupted by a transverse pale 
yellowish line on the middle. Ventral side pale brown. 

Holotype.—One female; paratype, five females, in spirit. 

T ype-locality—Kench’s Trace, Shillong, Assam, 10.iii.1960. Coll. B. K. Tikader. 

This species resembles X. minutus Tikader but differs as follows:—(i) Cephalo- 
thorax with a U-shaped, dark brown patch, with base of U in the ocular area and the 
broad limbs directed backward and sublaterally on the cephalothorax but in X. 
minutus the lateral margin of cephalothorax with longitudinal dark brown broad 
patches and a pair of long pale brown irregular lines from the base of anterior median 
eyes to the middle of thorax. (ii) Adbomen dorsally with two longitudinal deep 
brown irregular broad patches interrupted by a transverse pale yellowish line on the 
middle but in X. minutus abdomen light brown with dentated bands beautifully 
coloured with admixture of white, dark brown and red. 
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21. Xysticus sujatai sp. nov. 


General_—Cephalothorax, clypeus and legs dirty white, abdomen brown or 
greyish-white. Total length 4-20 mm. Carapace 2-20 mm. long, 2-20 mm. wide; 
abdomen 2-50 mm. long, 2-50 mm. wide. 


Fic. 8.—Xysticus sujatai sp.nov. (a) Dorsal view of female. (b) Male pedipalp. 


Cephalothorax.—As long as wide, densely and conspicuously spined; the lateral 
margin with dark brown and two longitudinal broad dark brown bands, extending 
from both the lateral eyes to nearly the base of cephalothorax. Clypeus high, 
margin of clypeus with seven long strong spines directed forward but the middle one 
directed upward. Eyes round, lateral eyes large and nearly contiguous, ringed with 
dirty white tubercles, ocular quad wider than long, medians almost equal in size. 
Sternum broadly oval, slightly pointed behind with thick spiny hairs. Legs strong 
and spined with irregular deep brown or black dots, and these dots more conspicuous 
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on the III and IV legs. Tibiae I with three pairs of ventral spines and metatarsi 
with four pairs of ventral spines. Two longitudinal brown parallel lines extending 
from the base of patella and up to the end of tibia on the dorsal side of I and IIL 
legs. 

Abdomen.—Shortly ovate, wider behind, clothed with numerous spines, dorsal 
side with paired transverse white lines, laterally and ventrally lighter than dorsally. 
Adult male black, I and II legs deep black up to the end of patella. Pedipalp of 
male as in Fig. 8, b. 

Holotype-—One female; paratype, three females and allotype, one male, in spirit. 

Type locality—Kench’s Trace, Shillong, Assam, 10.iii.1960. Coll. B. K. Tikader. 

This species resembles Xysticus minutus Tikader but is readily separated as 
follows:—(i) Lateral margin of cephalothorax with two dark brown bands extending 
from both the lateral eyes to nearly the base of cephalothorax but in X. minutus 
lateral margin of cephalothorax with longitudinal dark brown patches and a pair of 
long pale brown irregular lines from the base of anterior median eyes to the middle 
of thorax. (ii) Abdomen dorsally with paired transverse whitish lines but in X. 
minutus abdomen dorsal side with dentated band beautifully coloured with admixture 
of white, dark brown and red. 


22. Xysticus shillongensis sp. nov. 


General.—Cephalothorax, legs and abdomen yellowish-brown. Total length 2-80 
mm. Carapace 1-20 mm. long, 1-20 mm. wide; abdomen 1-80 mm. long, 1-90 mm. 
wide. 

Cephalothoraa.—As long as wide, clypeus high marginally with five strong spines, 
directed forward. Eyes round, black, lateral eyes large and contiguous, ringed with 
white tubercles, ocular quad as long as wide; posterior medians slightly smaller than 
anterior medians; median ocular space slightly smaller in front than behind; anterior 
lateral largest. Sternum heart-shaped, pointed behind, clothed with fine hairs. 
Legs strong and spined, tibiae and metatarsi I with three pairs of ventral spines. 

Abdomen.—Broadly oval, wider behind, clothed with stiff hairs. Two con- 
spicuous brownish-black spots nearly on the anterior lateral margin; one-third of 
the posterior portion black, as in Fig. 9. Ventral side uniformly pale brown but 
margin encircled by a black line. 

Holotype-—One female; paratype, one female, in spirit. 

T ype-locality.—Kench’s Trace, Shillong, Assam, 6.11.1960. Coll. B. K. Tikader. 

This species resembles Xysticus minutus Tikader but is separated as follows :— 
(i) Cephalothorax uniform yellowish-brown but in X. minutus the lateral sides with 
longitudinal dark brown broad patches and a pair of long paler brown irregular lines 
from the base of posterior median eyes and extending to the middle of the thorax. 
(ii) Abdomen with two conspicuous brownish spots nearly on the anterior lateral 
margin and posterior one-third black but in X. minutus dorsal surface with dentated 
bands, beautifully coloured with white, dark brown and red. 


23. Synaema brunettii sp. nov. 


General.—Cephalothorax and legs greenish, abdomen light brown. Total length 
2:80 mm. Carapace 1-10 mm. long, 1:10 mm. wide; abdomen 1-50 mm. long 
1-60 mm. wide. 

Cephalothoraxz.—As long as wide, cephalic region high, lateral margin encircled 
by a deep brown line. Eyes black, ringed with chalk-white tubercles, lateral tubercles 
contiguous, ocular quad slightly longer than wide, space of anterior median eyes a 
little smaller than that of the posterior medians; both rows strongly recurved. 
Clypeus high, vertical. Sternum heart-shaped, pointed behind. Legs not very 
strong, I and IT pairs longer than IL and IV, tibiae I and I with two pairs of ventral 
spines. 
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Fie. 9.—Xysticua shillongensis sp.nov. Dorsal view of female. 


Fie. 10.—Synaema brunettii sp. nov. Dorsal view of female. 


Abdomen.—Oval, scattered chalk-white patches on the dorsum, four pairs of 
irregular shaped black patches on the posterior half of abdomen arranged in longi- 
tudinal rows, the anterior pair larger and posterior pair smaller, and the anterior 
half provided with black dots; lateral side with deep brown patches; ventral surface 


uniform pale, as in Fig. 10. 
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Holotype.—One female, in spirit. 

Tape locality = Dakiecicta West Bengal, Eastern Himalaya ca. 2150 m. altitude, 
30.v.1910. Coll. E. Brunetti. “ 

This species is closely allied to Synaema parvula (Hentz) but differs as follows :— 
(i) Cephalothorax greenish but in S. parvula cephalothorax brownish-yellow. (11) 
Four pairs of irregular shaped black patches on the posterior half of abdomen but in 
S. parvula no such black patch, only a broad transverse black or brown band near 
the hind end of abdomen. 


24. Bomis bengalensis sp. nov. 


General.—Cephalothorax, legs yellowish-brown, abdomen pale yellowish. Total 
length 3:10mm. Carapace 1:20 mm. long, 1-60 mm. wide; abdomen 1-90 mm. long, 
2-20 mm. wide. 

Cephalothorax.—Rectangular, wider behind, convex, clothed with uniform fine 
pubescence. Eyes round, black ringed with white tubercles, both rows recurved 
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Fre. 11.—Bomis bengalensis sp.nov. (a) Dorsal view of female. (6) Epigyne. 


but posterior row less recurved than anterior and longer; ocular quad wider than 
long, lateral eyes slightly large and tubercles nearly contiguous. Posterior medians 
farther away from each other than from the laterals. Clypeus high and sloping 
downward. Legs stout, short, clothed with hairs or spiny-hairs; almost equal in 
length; claw tuft very prominent. Sternum heart-shaped, clothed with fine hairs. 
Abdomen.—Wider than long, nearly rectangular with white characteristic pattern 
of closely set minute acute tubercles on the dorsum, paired black circles sub- 
anteriorly on either side, the inner circle being larger and nearly in the middle, an 
jrregular transverse black band. Ventral side pale yellow, margin encircled by two 


XLIV| STUDIES ON SOME INDIAN SPIDERS 581 


or three muscular elevated ridges with characteristic white tubercles. Epigyne as in 
Fig. 11, 6. 

Holotype-—One female; in spirit. 

Type-locality—Habra ca. 48 kilometres north-east of Calcutta, 2.viii.1959. 
Coll. B. K. Tikader, 


25. Philodromus assamensis sp. nov. 


General.—Cephalothorax, legs and abdomen light to deep brown. Total length 
4:90 mm. Carapace 1-80 mm. long, 1:80 mm. wide; abdomen 3:20 mm. long, 
2-70 mm. wide. 

Cephalothorax.—Depressed but cephalic region high, as long as wide, a white 
median longitudinal broad band extends from the ocular area to base of cephalo- 
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Fria. 12.—Philodromus assamensis sp.nov. (a) Dorsal view of female. (6) Lateral 
view of abdomen. (c) Epigyne. 
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thorax, clothed with fine pubescence. Clypeus high, margin provided with long 
spine-like hairs directed forward. Eyes round and black both rows recurved, all 
eyes forming a crescent-shaped group, the anterior row much shorter than the 
posterior, the posterior medians further from each other than from the laterals, 
posterior laterals slightly larger than others. Sternum oval, very narrowly produced 
behind, clothed with stiff hairs. Legs relatively long, L leg slightly longer than the I, 
clothed with hairs. Femora, patella and tibiae with irregular white patches. Tibiae 
and metatarsi of I and II with two pairs of ventral spines; tarsal scopulae well de- 
veloped and claw tufts prominent. ; 
Abdomen.—Longer than wide, posterior half wide and end tapering, at the sides 
with dark brown patch; the posterior half of abdomen medially with deep brown 
cheverons. Epigyne as in Fig. 12, c. us 
Holotype——One female; paratype, three females, in spirit. 
Type-locality.—Shillong Hill, Shillong, Assam, 30.i1.1960. _Coll. B. K. Tikader. 
This species appears to come close to Philodromus domesticus Tikadder but may 
be separated as follows :—(i) On the cephalothorax with a white median longitudinal 
broad band extending from ocular area to base of the cephalothorax but in P. 
domesticus a hammer-shaped, narrow, whitish median longitudinal band from the 
ocular area, to almost near the base. (ii) Abdomen dorsally at the sides with dark 
brown patch and the posterior half medially with deep brown cheverons but in P. 
domesticus basally with pale triangular patch either side of the median line and 
faint pale cheverons on the posterior half. 


26. Philodromus decoratus sp. nov. 


General.—Cephalothorax, legs light brown, abdomen deep brown. Total length 
3°60 mm. Carapace 1-20 mm. long, 1-20 mm. wide; abdomen 2-20 mm. long, 
2-00 mm. wide. 

Cephalothorax.—Depressed but cephalic region high and narrow, nearly as long 
as wide, two kidney-shaped, longitudinal, deep brown, broad bands, extending from 
the ocular area to the middle of cephalothorax; clothed with fine pubescence and a 
few spines. Clypeus high, margin with five long spines directed forward but middle 
one directed upward. Eyes round and black, ringed with prominent white tubercles 
both rows recurved, all eyes formed a crescent-shaped group; posterior medians 
closer to each other than from the laterals; lateral eyes large and the tubercles 
contiguous. Sternum heart-shaped, clothed with fine pubescence. Legs relatively 
long, IT slightly longer than the I, clothed with hairs and spines. Femora of I with 
three strong frontal spines, tibiae with two pairs and metatarsi with three pairs of 
ventral spines. Tarsal scopulae weakly developed and claw tufts prominent as in 
Fig. 13. 

Abdomen.—Longer than wide, posterior half wide and end tapering, irregular 
chalk-white patches all over the dorsum; two longitudinal rows of black or dark 
brown spots on either side of median line. Ventral side also with irregular chalk- 
white. 

Holotype.—One female; paratype, three females, in spirit. 

Type locality.—Kench’s Trace, Shillong, Assam, 6.iii.1960. Coll. B. K. Tikader. 

This species is related to Philodromus domesticus Tikader but is separated as 
follows :—(i) On the cephalothorax two kidney-shaped, longitudinal, deep brown, 
broad bands, extending from ocular area to the middle of cephalothorax but in P. 
domesticus a hammer-shaped, whitish, narrow band on the hind portion of the head. 
(ii) On the abdomen irregular chalk-white patches all over the dorsum and two 
longitudinal rows of black or dark brown spots on either side of mid-line and no 
cheverons, but in P. domesticus basally with pale triangular patch either side of the 
median line and on the hind part with faint white cheverons. 
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Fic. 13.—Philodromus decoratus sp.nov. Dorsal view of female. 


SUMMARY 


Twenty-six species of spiders are described in this paper. Of these, 12 are known 
and 14 are new to science. The new species belong to ten genera distributed in the 
families Thomisidae, Clubionidae, Agelenidae, Argiopidae. 
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INTRODUCTION 


THE Oribatei form an important element of the soil fauna but very little work has 
been done in Britain on the bionomics of these mites. Even our knowledge of the 
distribution of the different species leaves much to be desired. Few collections, for 
example, appear to have been made in this country on high ground and it seemed pos- 
sible that results of some interest might be obtained from a series of collections on 
ground of 2000 ft and over. It was decided to begin such a series by collecting on 
the top of Kinder Scout, Derbyshire. 

Kinder Scout, a large plateau of Millstone Grit of around 2000 ft in height, is 
covered by a considerable thickness of peat. The peat is intersected by water chan- 
nels known locally as ‘ groughs ’ and the haggs of peat so formed have a top covering 
of heather, Calluna vulgaris (L.) Hull, bilberry, Vaccinium myrtillus L., and other 
plants. Patches of moss are found on the haggs consisting of Pohlia nutans (Hedw.) 
Lindb., Campylopus flexwosus (Hedw.) Brid., and Orthodontium lineare Schwaegr. 
Lichen, mainly Cladonia bacillaris Nyl., is found along the overhanging edges of the 
peat haggs. Bryophytes of different kinds are also found on the floor and sides of 
the ‘ groughs ’, consisting of the same three species of moss noted above, together 
with Campylopus fragilis (Turn.) B. & S., Calypogeia muelleriana (Schiffn.) K. Miull., 
and Cephaloziella cf. hampeana (Nees.) Schiffn. 


MaTERIAL AND METHODS 


Samples of peat, moss, lichen and heather and bilberry litter were collected and the 
Oribatei extracted from them by means of a Tullgren funnel. Some of the species 
were found in only one of the biotopes, others in two or more of them. In the Faunal 
List given below the particular biotopes in which the species were found are indicated 
according to the following system of notation. 


Peat 

Moss : j j : A : : 

Lichen ‘ ‘ : . ; - .Ln, 
Heather and bilberry litter and F layer . Lt. 


Faunal List 
Family NANHERMANIIDAE 

Nanhermannia nana sensu Willmann, 1931. M. 

Van der Hammen (1959) has shown that the type species of the genus NV anher- 
mannia Berlese, 1913, has been misinterpreted. Nicolet’s type, Nanhermannia 
nanus (Nicolet, 1855), is the same species that most authors later named Nanher- 
mannia elegantula, while the real V anhermannia elegantula Berlese, 1913, is conspecific 
with Nanhermannia areolata Strenzke, 1953. The species of Nanhermannia found on 
Kinder Scout is the same as Nanhermannia nana sensu Willmann, 1931. Dr van 
der Hammen, who is preparing a monograph on the family, has informed me that he 
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prefers to give no definitive name to this species until he has undertaken a revision 
of the genus. 


Family HypocHTHONIIDAE 
Hypochthonius rufulus C. L. Koch, 1836. M., Lt. 


Family CamMistDAE 


Nothrus silvestris Nic., 1855. M. Lt. 

According to van der Hammen (1952) this species has been recorded mostly from 
forest soils. There are no trees on Kinder Scout today. 

Camisia segnis (Hermann, 1804). M. 

According to Grandjean (1936) this is an arboricolous mite. 

Camisia spinifer (C. L. Koch, 1836). M. 

Platynothrus peltifer (C. L. Koch, 1839). M. 

Platynothrus punctatus (L. Koch, 1879). M. 

Seyd (1958) recently added this species to the British List. The normal distribu- 
tion of this species may be described as arctic and subarctic, since it has been collected 
in Novaja Semlja, Greenland, Iceland, Sweden, Finland and Canada. 

Hull (1961) described a new species, Heminothrus valentianus, three examples of 
which had been collected by Mr R. S. Bagnall in sphagnum. Hull gave no figure and 
merely noted several ways in which this species differed from Platynothrus peltifer. 
Mr D. MacFarlane has pointed out to me that the five differences mentioned by Hull 
strongly suggest that what Bagnall had collected were specimens of Platynothrus 
punctatus, and he informs me that Dr K-H. Forsslund concurs with this view. In 
this connection it is worth noting that Bagnall’s specimens came from Cheviot Hill, 
which rises to a height of over 2600 ft, though we do not know, of course, at what 
height the specimens were collected. Unfortunately Hull’s type specimen appears 
to have been destroyed. 

The author therefore believes that Heminothrus valentianus Hull, 1916, is probably 
synonymous with Platynothrus punctatus (L. Koch, 1879) and not, as stated by Turk 
(1953) with Platynothrus lapponicus Tragardh, 1910. 


Family EREMAEIDAE 


Oppia ornata (Oudemans, 1900). Ln. 

Oppia quadricarinata (Michael, 1885). M., Ln. 

Thyrisoma lanceolata (Michael, 1885). M. 

Turk (1953) lists this species as Oribella castanea (Hermann, 1804), giving Notaspis 
lanceolata Michael, 1885, as a synonym. Grandjean (1936) has pointed out, however, 
that Notaspis lanceolata Michael and Notaspis castanea Hermann are not conspecific. 

Ceratoppia bipilis (Hermann, 1804). Lt. 


Family CaRABODIDAE 


Scutovertex sculptus Michael, 1879. M. 

Turk (1953) lists this species as Scutovertex minutus (Koch, 1836) and gives 
Scutovertex sculptus Michael as a synonym. Strenzke (1943) showed, however, that 
the two species are not conspecific. 

Tectocepheus velatus (Michael, 1880). P., M., Ln., Lt. 

Haarlov (1952) has shown that the characters of this species vary considerably 
and that all hitherto described species and varieties of the genus, with the exception 
of Tectocepheus alatus Berlese, 1913, belong to Tectocepheus velatus (Michael). 

This was the only species from Kinder Scout which was present in all four bio- 
topes. None of the other species on this list were found in peat. 
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Carabodes labyrinthicus (Michael, 1879). Ln. 
Carabodes marginatus (Michael, 1884). M., Ln., Lt. 
Carabodes minusculus Berlese, 1923. M., Ln., Lt. 


Family ORIBATULIDAE 
Oribatula tibialis (Nicolet, 1885). M., Ln., Lt. 


Family SCHELORIBATIDAE 
Inebstadia similis (Michael, 1888). M., Ln. 


Family CERATOZETIDAE 


Melanozetes mollicomus (C. L. Koch, 1839). M. 

Edwardzetes edwardsi (Nicolet, 1853). M., Lt. 

Van der Hammen (1952) states that this species appears to be rare in the Nether- 
lands—and Willmann (1931) also characterized it as not being very abundant in 
Germany. Michael (1884) regarded it as a rare species in this country. Hull (1916) 
on the other hand, described it as one of the commonest species in the north of England. 
It is certainly abundant on the top of Kinder Scout. 

Chamobates schutzi (Oudemans, 1902). M., Ln., Lt. 

Limnozetes sphagni (Michael, 1884). M. 

This species appears to have been collected mostly in very moist sphagnum. 
On Kinder Scout is was present in moss from the ‘ groughs ’. 

Calyptozetes sarekensis (Tragardh, 1910). Ln. 

This genus and species is new to the British Fauna. 

The species was first described by Tragardh (1910) from material collected in the 
Sarekgebirge of Swedish Lapland. Tragardh found it in moss, lichen, litter and under 
stones. He regarded it as closely related to Mycobates parmeliae (Michael, 1884), 
from which it differs, however, in having three claws. It was on the basis of this 
difference that Sig Thor (1929) proposed the new genus Calyptozetes. 

The species was found by Sig Thor (1930) in various localities on Svalbard (Spitz- 
bergen) in lichen and also in moss and litter. It was particularly common in the 
higher places, for example lichens of the mountains near Hiorthhamm. In a recent 
paper on the Oribatid fauna of Swedish Lapland, Dalenius (1960) did not find it below 
the low alpine belt, i.e. it was present in the fauna only above a height of about 2600 
ft. 

Hammer (1946) gives the distribution of Calyptozetes sarekensis as Hast Green- 
land, West Greenland, Iceland, Spitzbergen, Lapland and Norway. She describes 
the species as being very common in dry biotopes with an under-vegetation of lichen, 
on which it undoubtedly feeds. It is noteworthy that on Kinder Scout it was found 
only in lichen. Hammer (1952) has also recorded the species from Northern Canada, 
together with three new species of the genus. In a paper on Alaskan Oribatei, 
Hammer (1955) added a fourth new species. 

The genus is also known from Austria, where Willmann (1951) collected three 
specimens in the Grossglockner region at a height of 2500 metres. These were 
described as a new species, Calyptozetes alpinus, which differs from C. sarekensis 
chiefly in the character of the lamellae and pseudostigmatic organs. In C. alpinus 
Willmann the ends of the lamellae are indented, whereas in C. sarekensis they come 
to a sharp point. The pseudostigmatic organs of C. alpinus are long with thick, 
club-shaped heads, but in C. sarekensis they are much shorter with flat, pear-shaped 
heads. Dr Willmann also informs me that the body hairs of C. sarekensis are much 
stouter than in C. alpinus. 

A closely related form, Permycobates bicornis Strenzke, 1954, was collected by 
Strenzke (1954) from moss in the Black Forest. In Strenzke’s view further study of 
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the genera Mycobates, Calyptozetes and Permycobates may make it possible or necessary 
to regard the last two as subgenera of Mycobates. 

It is clear then that, as in the case of Platynothrus punctatus, while the normal 
distribution of the genus may be regarded as arctic and subarctic, there are certain 
exceptions to this rule. ; : ; 

The Kinder Scout specimens of Calyptozetes sarekensis appear to differ in only 
minor degree from those found much further to the north. Thus the translamella is 
broader in the Kinder Scout specimens than in the arctic form and the ends of the 
lamellae are slightly indented. In this latter respect they approach more nearly 
to Calyptozetes alpinus. ‘ 

In the A. D. Michael Collection of Acari at the British Museum (Natural History) 
is a specimen labelled ‘ Oribata parmeliae (tridactyle)’. I am in agreement with Mr 
D. MacFarlane that the specimen on this slide is, in fact, a specimen of Calyptozetes 
sarekensis. It was collected by Warburton in 1906 from Stuc-a-Chroin, near Cal- 
lander, Perthshire. The top of this peak rises to 3175 ft but again, as in the case of 
Platynothrus punctatus collected by Bagnall on Cheviot Hill, we do not know at what 
height Warburton took his specimen. 


Discussion 


The point of greatest interest, which arises from this study, is the presence on Kinder 
Scout of the two species of Oribatid mite, Platynothrus punctatus and Calyptozetes 
sarekensis. Both of these mites may be said to be arctic and subarctic forms, their 
normal area of distribution lying north of latitude 60°. 

Assuming that Heminothrus valentianus Hull is synonymous with Platynothrus 
punctatus (L. Koch), we now have records of this species from the Pennines (Kinder 
Scout) and Cheviot Hills in Britain and also records from Switzerland at heights 
between 1900-2250 metres. In the case of Calyptozetes sarekensis (Tragardh) we 
have records of the species from the Pennines and Scotland (Stuc-a-Chroin) and also 
a record of a closely allied species, Calyptozetes alpinus Willmann from Austria at 
2500 metres. There is the further record of a closely related genus, Permycobates 
bicornis Strenzke, from Germany (Black Forest). The presence of such forms in 
places far to the south of what must be regarded as their normal area of distribution 
calls for some explanation. 

Dalenius (1949) has put forward a theory to explain such discontinuous distribu- 
tion in Oribatid mites. 

Dalenius, in his study of the Oribatid fauna of South Sweden, found a certain 
number of Arctic species and subspecies. These were Camisia horrida var. borealis, 
Chamobates cuspidatus var. birnlai, Murcia lucens and Pelops septentrionalis. They 
appeared in several different biotopes such as lichens, Holocomium, beech-forna and 
wet forest soil. The number of specimens was small and each occurred in only one 
sample, with the exception of Pelops septentrionalis which occurred in two. It has 
usually been supposed that transportation of Oribatei over considerable distances 
has been effected by water, by man or by animals and that only over short distances 
has dispersal taken place by wind. This was the view of Vitzthum (1943) but Dalenius 
is of the opinion that neither water, man nor animals can explain the occurrence of 
these arctic species in his samples from South Sweden and that the agent responsible 
for their dispersal must have been wind. 

It is clear from his paper that he would almost certainly invoke this agent as an 
explanation of the presence of Platynothrus punctatus and Calyptozetes sarekensis in 
Britain and Southern Europe, since he believes that wind may be responsible for the 
discontinuous distribution of Oppia foveolata, which is known only from Sweden and 
Italy (Bergamo). He considers the possibility that the discontinuous distribution 
of this form might be due to the fact that the Species is a rare one and that it could 
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have been overlooked in Central Europe, but he rejects this view on the grounds that 
Germany has been well worked over for mites and that Oppia foveolata would there- 
fore probably have turned up in collections if it did occur there. 

Dalenius thinks it is probable that Oribatid mites are distributed by wind in the 
adult stage and he has noticed that the arctic species mentioned above often occur on 
trees, shrubs and plants, where they could easily be lifted by the wind and be carried 
over shorter or longer distances. 

What evidence exists that mites in general, and Oribatid mites in particular, 
undergo dispersal by wind? 

The existence of what may be described as an aerial plankton has been known for 
some time and has been investigated by a number of workers including Coad, Collins 
& Baker, Berland, Hardy & Milne, and Glick. Specimens have been collected either 
in traps fitted to the wings of aeroplanes or in nets flown from kites or radio masts. 
As a result of his work Coad (1931) estimated that 25 million insects would be present 
in a column of air one mile square, starting 50 ft from the ground and extending up- 
wards to 14,000 ft. He points out that at high altitudes air currents may be very 
swift and that small forms could be carried forward on them for hundreds of miles in 
a short space of time before falling back to earth. 

There is no evidence, however, that mites form any significant proportion of this _ 
aerial plankton. Coad (1931) found mites at 10,000 ft but he does not say how 
numerous they were, nor whether any of them were Oribatei. Collins & Baker (1934) 
caught two unspecified Arachnids, while no mites were obtained by Berland (1935) 
and by Hardy & Milne (1937, 1938). 

The most comprehensive investigation was carried out by Glick (1939) but out of 
30,000 specimens captured only 46 were mites and only one of these belonged to the 
Oribatei. 

To account for the discontinuous distribution of Oribatid mites by means of wind 
dispersal it does seem necessary to assume a much higher concentration of these 
mites in the aerial plankton than any that has yet been demonstrated. Gislén 
(1948) has pointed out that great numbers of small insects from this plankton must 
be constantly deposited on the earth’s surface far outside their normal range and that 
the reason they do not flourish everywhere must be due to the fact that in the great 
majority of cases the new environmental conditions are unfavourable. Thus, a 
high concentration of a particular species must be present in the aerial plankton if 
that species is to spread far beyond its normal range by means of wind dispersal. 

It should be noted here that in a recent paper on the Oribatid mites of Antarctica, 
Dalenius & Wilson (1958) came to the conclusion that the most decisive factors, 
which determine the dispersal of these mites in the Antarctic and among the sub- 
antarctic islands, were transportation by birds and for some species by sea currents. 
They regarded dispersal by wind as of lesser importance, though they believed it 
played a certain role in the distribution of these mites over short distances. 

If, then, on the evidence at present available, wind dispersal is rejected as an 
explanation of the discontinuous distribution of Platynothrus punctatus and Calypto- 
zetes sarekensis, is it possible to put forward an alternative theory in its place? 

Seyd (1958) noted a suggestion made by Dr G. Owen Evans that the presence of 
Platynothrus punctatus on Kinder Scout might be due to its being a relict fauna of the 
Ice Age. The finding of a second Arctic species, Calyptozetes sarekensis also on Kinder 
Scout, adds support to this suggestion of Dr Evans. ; 

The hypothesis is that species, which today may be described as arctic and subarctic, 
would have been widely distributed in Europe during the Upper Pleistocene Glacia- 
tion. With the return of warmer post-glacial conditions in Kurope, these forms would 
have retreated up to the higher levels of hills and mountains and would have been 
left there, so to speak, ‘high and dry’. It is noteworthy that Platynothrus punctatus 
has been found so far in Britain only on Kinder Scout (2000 ft) and Cheviot Hill 
and on the continent in Switzerland (1900-2250 metres), and that Calyptozetes sare- 
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kensis is known only in this country from Kinder Scout and from high ground in 
Scotland. The related species from Austria, Calyptozetes alpinus, has been found so 
far only at a height of 2500 metres. 

Even if the origin of these Oribatid mites in Europe dates from the first or second 
glacial phases rather than the third, the hypothesis put forward here could still be 
accepted. It is by no means certain that Kinder Scout was completely covered with 
ice during the second glacial phase and most unlikely that it was ice-covered during 
the third, and forms which had retreated to the top of Kinder Scout and other high 
points during the first and second interstadial phases might have survived a suc- 
ceeding glacial period. Hammer (1944) believes that the present Oribatid fauna of 
Greenland is of pre-glacial origin. She points out that while in most areas of Green- 
land this fauna would have perished as a result of deteriorating climatic conditions 
during the Ice Age, the hardy forms associated with lichens and mosses could have 
survived on high, snow-free rock summits or snow-free areas which jutted above 
the glacial masses. 

Beirne (1947), in his study on the origin and history of the British Macro-Lepidop- 
tera, has brought forward evidence to show that there were invasions of Macro- 
Lepidoptera into Britain during the Upper Pleistocene Glaciation. He is of the 
opinion that species characteristic of cold climates arrived during all three glacial 
phases of the Pleistocene Ice Age and it is significant that he believes that these 
glacial phase arrivals survived the warmer interstadial phases mainly on the mount- 
ains of northern and western Britain, where most of them have their headquarters 
today. 

If Platynothrus punctatus and Calyptozetes sarekensis should be found in further 
collections from high ground, then the hypothesis put forward here to explain their 
discontinuous distribution would receive additional support. 

It must be pointed out, however, that the presence of these mites only on high 
ground in Europe does not contradict the ‘ wind-dispersal’ theory. It might be 
expected that such northern species, carried far to the south by wind, would only 
survive on high ground, where the climatic conditions would be nearer to those found 
in their normal range. The hypothesis put forward here is preferred to that of 
‘ wind-dispersal ’ on the ground that as yet no convincing evidence has been brought 
forward to show that any significant role is played by the wind in the dispersal of 
these Oribatid mites. 


SUMMARY 


I. The Oribatid fauna of Kinder Scout, a 2000-ft plateau in Derbyshire, has been 
investigated and a faunal list is given. 

2. Calyptozetes sarekensis (Tragardh, 1910), a genus and species new to the British 
fauna, is reported present on Kinder Scout. This is the second ‘ arctic’ form found 
in this locality, a report on Platynothrus punctatus (L. Koch, 1879) having been given 
by the author in an earlier paper. 

3. The problem of the discontinuous distribution of these forms is discussed. 
The ‘ wind-dispersal ’ theory, as an explanation of their discontinuous distribution, 
is rejected on the grounds that there is insufficient evidence to support the view that 
Oribatei do, in fact, undergo dispersal by wind. An alternative hypothesis, that these 
forms represent a relict fauna of the Pleistocene Ice Age, is preferred and discussed. 
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1. INTRODUCTION 


In the last century the palaeontological importance of the Brachiopoda acted as an 
incentive in the investigation of the relatively few living species (e.g. Hancock, 
1859; Davidson, 1881). But with the decline of systematic and phylogenetic 
interests in zoology, living brachiopods came to be neglected. However, following 
the pioneer studies of Morse (1902) and Orton (1914), a revival of interest has come 
in the last few years from a more functional and physiological point of view (e.g. 
Richards, 1952; Chuang, 1956-60; Atkins, 1956-61). While applying this recent 
work to the functional interpretation of fossil brachiopods (Rudwick, 1960-61 a), it 
became clear that certain problems could only be solved by studying the feeding 
mechanisms of living brachiopods at first hand. The work recorded in this paper 
was governed by this palaeontological objective. It centres on a description of the 
systems of water-currents within the mantle cavity, and on the arrangements of the 
lophophore to which they are due. The ciliary mechanisms of many Articulate 
brachiopods were described in detail by the late Dr D. Atkins (1956-60), and are 
mentioned only briefly in this paper. 


Material Studied 


Brachiopods are probably more abundant around New Zealand than in any other 
part of the world, with the possible exception of Japan. Moreover, at least three 
species can be collected intertidally and kept easily in the laboratory. In all, obser- 
vations on five species are recorded here :-— 


Rhynchonellacea 
Hemithyridae 


Tegulorhynchia (Notosaria) nigricans (Sowerby) 


Terebratellacea 
Kraussinidae 


Pumilus antiquatus Atkins 


Terebratellidae 


Terebratella (Waltonia) inconspicua (Sowerby) 
T’. (Magasella) sanguinea (Leach) 
Neothyris lenticularis (Deshayes) 


Specimens of 7’. nigricans, P. antiquatus and T. imconspicua were obtained from 
an intertidal rock-pool on the shore of Lyttelton Harbour, near Christchurch. 7’. 
inconspicua was also obtained from low spring tide level on the shore of Quarantine 
Island in Otago Harbour, near Dunedin. 7’. sanguinea and N. lenticularis were 
obtained from about 54 fms (100 m.) off Oamaru (75 miles NNE. of Dunedin). Notes 
on the ecology of the brachiopods in these localities are given elsewhere (Rudwick, 
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in the press). The intertidal species were studied in situ and at the University of 
Canterbury and the Portobello Marine Biological Station. The offshore species 
were studied at Portobello. Some anatomical features of P. antiquatus and 7’. 
imconspicua have been described by Atkins (1958, 1961). 


Basic Structure and Mode of Action of the Lophophore 


In all brachiopods the lophophore shows the bilateral symmetry which charac- 
terizes almost every organ of the body. On either side of the median plane, in 
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Fic. 1.—Diagrams to show ontogenetic development of the lophophore in Articulate brachiopods. 
Each diagram represents the course of the brachial axis (supporting structures and fila- 
ments omitted), seen from an oblique antero-ventral viewpoint. Arrow-heads show 
course of food particles along food-groove towards mouth. 


which the mouth is situated, a linear ‘arm’ or brachiwm extends, variously looped 
or coiled (Fig. 1) and attached in varying degrees to the body wall and dorsal mantle 
surface. Along the length of the brachium runs a food-groove (Fig. 2) leading to the 
mouth, bounded on one (frontal) side by the lip, and on the other (abfrontal) side 
by a ridge from which arises a row of slender flexible filaments (corre or tentacles of 
some authors). The ensemble of lip, groove and filament-bearing ridge may be 
termed the brachial axis. (I introduced this term (Rudwick, 1960) as a synonym of 
Thomson’s (1927) ‘ body of the lophophore’. As re-defined here, it is equivalent to 
his ‘ Semi-cartilaginous grooved ridge ’, and excludes the walls of the great brachial 
canal and the skeletal lamellae. This modification of the term allows it to be used 
in a homologous sense for all varieties of lophophore.) The brachial axis may be 
attached either to the mantle surface or to the muscular walls of a closed tube, the 
great brachial canal, which appears to act (at least in the Articulata) as a hydrostatic 
skeleton. True skeletal supporting structures, which are calcitic outgrowths of the 
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dorsal valve, may also be present. The lophophore grows by the lengthening of the 
brachial axes at their tips, and by the formation of new filaments there. The tips 
of the brachia are the only true growth zones on the lophophore (Atkins, 1959 c : 
348). 

ithe mode of action of the lophophore now appears to be essentially uniform 
throughout the Brachiopoda (Richards’s anomalous account of Neothyris is discussed 
below, p. 605). Lateral cilia, on the lateral surfaces of the filaments, beat across the 
length of the filaments and thereby draw a current of water from the frontal to the 
abfrontal side of the row of filaments. Particles suspended in the water collide with 
the frontal surfaces of the filaments and are normally transported by frontal cilia to 
the base of the filaments, whence they pass into the food-groove and are borne by 


water-current 
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great brachial canal 
filaments 


Fic. 2.—Short section of brachium of Tegulorhynchia, to illustrate morphology and function 
of brachium ; frontal surface above, abfrontal below. The brachial axis comprises the 
tissues immediately adjacent to the food-groove. Semi-diagrammatic; cut surfaces 
black. 


other cilia along the groove to the mouth. Alternatively, frontal cilia may transport 
rejected particles to the tips of the filaments, whence they are passed by mantle 
cilia to the edge of the shell. 


Current-systems and Apertures 


The lophophore is a filtering organ which is virtually enclosed within the mantle 
cavity. (The tips of some of the filaments may project beyond the mantle edges. 
Morse (1879) recorded that he saw the entire brachia of H. emithyris psittacea protrud- 
ing far outside the mantle cavity. But since the valves were sometimes closed upon 
the brachia while in this position, it seems very unlikely that such protrusion is 
either normal or natural.) Any filtering system within an enclosed space must, if it 
is to be at all efficient, ensure that water which has passed through the filter once is 
prevented from passing through it again. The enclosed Space must therefore be 
divided by the filter into separate inhalant and exhalant chambers, with separate 
mhalant and exhalant apertures. This arrangement can be recognized not only in 
all types of lophophore in the Brachiopoda but also in the filtering organs of other 
ciliary filter-feeding animals, such as most lamellibranchs, filter-feeding gastropods, 
ascidians and Amphioxus. Furthermore, if the filtering organ is fixed in position 
and is also itself the pumping organ, as a lophophore is, it will create a pressure 
gradient which will draw unfiltered water into a low-pressure inhalant chamber and 
eject filtered water from a high-pressure exhalant chamber. This ‘ paradigm ’ 
Me ere 1961 a). or specification for optimal efficiency, is shown diagrammatically 
in Fig. 3. 
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The structure and function of the lophophore in brachiopods correspond closely 
to this specification. The division of the mantle cavity into inhalant and exhalant 
chambers is ensured by the arrangement of the rows of filaments. Since the filaments 
are never fused in any way, this division can only be achieved if the tips of all the 
filaments touch some other structure. In fact, they touch either (a) the mantle 
surface or edge (occasionally projecting beyond the edge), or (6) the brachial axis or 
supporting structures on another part of the lophophore, or (c) the tips of other 
filaments (see Fig. 15). Only where they delimit the apertures do the filaments 
project freely. The apertures are simply parts of the gape which appears between 
the valve edges when the shell opens. The mantle edges are never fused or produced 
into siphons (though the close-set setae of Lingula are moulded into ‘ siphons’ 
resembling those of lamellibranchs: see Morse, 1902; Chuang, 1956). The mantle 
edges do not even possess an erectile marginal lobe (except in Lingulids), so that 
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Fic. 3.—Diagram of the ‘ paradigm ’ for a filter-feeding system in which a pump-filter operates 
within an enclosed space. Unfiltered water stippled. 


adjacent apertures cannot be separated even by a local apposition of unfused mantle 
edges, as they are, for example, in oysters. Except in Lingulids, therefore, adjacent 
apertures are separated only by a row of filaments whose tips project as far as the 
valve edges or sometimes a little beyond. ‘Such filaments will be termed apertural. 
Any specific arrangement of the lophophore within the mantle cavity, dividing 
the cavity into chambers and the gape into apertures, together with the consequent 
arrangement of the water-currents flowing through the mantle cavity, may be termed 
a current-system (Rudwick, 1960: 376). Section 2 of the present paper traces the 
development of the current-system during the ontogeny of Articulate brachiopods, 
as reconstructed from a study of individuals at different stages of growth. The 
various forms of the lophophore (Fig. 1) are named after Beecher’s (1897 ) scheme. 


Techniques of Study 

In most brachiopods the valves normally gape apart only to a small degree. 
The action of the lophophore in the undisturbed animal must therefore be studied 
by looking through the relatively narrow apertures. Attempts to fix an observation 
window into the shell have not yet been successful. If one valve is removed to 
expose the whole lophophore to view, the filaments will usually relax in time and 
the ciliary mechanisms can then be studied. But after this treatment the lophophore 
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may not assume exactly the form that it had in the undisturbed state, and in any 
case the removal of the valve makes it impossible to describe the course of the water- 
currents without an element of hypothetical reconstruction. To avoid this difficulty 
a shell can be oriented below a microscope so that when the valves open it is possible 
to look straight through the gape into the mantle cavity. But if the gape is narrow 
this gives only an incomplete view of the lophophore ; and the brachiopod may at 
any time swivel round on its pedicle so that even that view is lost. In the work 
described in this paper it was found possible to inspect almost every part of the 
mantle cavity and lophophore without disturbing the brachiopod, by using a special 
device designed for this purpose (Fig. 4). The material to which the brachiopod is 
attached is fixed to the floor of a vessel mounted on a heavy metal hemisphere. The 
hemisphere rests in a metal ring. A continuous flow of sea-water is led into the 
vessel near its floor, and leaves by any of three outlets near its rim. A stereoscopic 
microscope is mounted above the vessel. With care the brachiopod can be re-oriented 


Fie. 4.—Apparatus for studying lophophore and water-currents within mantle cavity of an 
undisturbed brachiopod. For explanation see text. 


continually without disturbing the animal or causing the valves to snap shut, and the 
interior can be examined, through the gape, from any angle desired. 

The ciliary mechanisms of filter-feeding animals are usually followed by feeding 
the animal with suspensions of carmine, graphite, carborundum, starch or other 
small particles. All these substances were tried in the present study, but with little 
success. Even dilute suspensions usually evoked the characteristic rejection mechan- 
isms, so that the action of acceptance could rarely be followed (carmine particles were 
occasionally accepted). Owing to this practical difficulty this paper adds little to 
Atkins’s descriptions of the action of the frontal cilia. 

For following the water-currents the same suspensions are often used; but the 
particles tend to settle out, and are therefore not very suitable. Milk has also been 
used to demonstrate water-currents (Crisp & Southward, 1956), but the brachiopods 
proved to be extremely sensitive to its presence, and reacted by contracting the 
filaments and snapping the valves shut to eliminate it. Fortunately, if sea-water 
was circulated continuously it always contained sufficient fine particles (e.g. of silt) 
in suspension to enable the water-currents to be followed without the addition of any 
artificial indicator. 


Note on Illustrations 


__The complex three-dimensional forms of the lophophore and water-currents are 
difficult to depict in two-dimensional drawings. Certain conventions are therefore 
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used for the figures in this paper. Filaments are represented as single lines drawn 
at a conventional distance apart, in order to make parts of the lophophore beyond 
them more clearly visible. In many of the drawings the valves are shown as though 
they were transparent, with parts’of the lophophore visible through them. ‘This 
enables information derived from a study of the lophophore in other orientations to 
be included in a single drawing. Similarly, some drawings show the lophophore in 
its natural position (relaxed by narcotization) after removal of the ventral valve ; 
but the currents marked are those that were detected previously in the undisturbed 
animal. Setae are omitted for the sake of clarity. Inhalant currents are marked 
with feathered arrows, exhalant with unfeathered. The brachial axis is shown with 
close stippling, the brachial skeleton with a pattern of dashes. 

Owing to the curvature of the valve edges, no single view of the shell can show 
the positions of all the apertures. Their arrangement can be shown diagrammatically, 
however, if the entire gape around the edge of the shell is ‘ opened out’ until it lies 
in a single plane (see Fig. 6d, e). The resultant diagram may be termed an aperture 
diagram. (It is analogous to a ‘commissure trace’ (Rudwick, 1959:11), which 
shows in a single view the form of the valve edges when the shell is closed.) Aperture 
diagrams are shown with inhalant apertures stippled ; they are not drawn to scale. 

There has been some confusion about the orientation of brachiopods. Percival 
(1944) argued from embryological evidence that the valve conventionally termed 
‘ dorsal ’ was morphogenetically ventral, and vice versa ; but later (1953) he reversed 
this view. The terms ‘ dorsal (= brachial) valve’ and ‘ ventral (= pedicle) valve ’ 
are therefore now unambiguous for morphological description. In most living brachio- 
pods, if the surface of attachment is placed horizontally, the ventral valve arches 
over the dorsal and appears as the ‘upper’ valve. This is not necessarily the true 
orientation in life, since the attachment may, for example, be to the lower surface 
of a boulder. Nevertheless it is the orientation in which most observations are 
conveniently made, and therefore all drawings in this paper show the dorsal direction 
downwards. 


2. Systems oF WATER-CURRENTS 
Trocholophes (Fig. 5) 
The earliest functional stage in the growth of the lophophore, the trocholophe, 
seems to occur without significant variation in all Articulate brachiopods. The 
brachial axes together form a circle on the dorsal mantle, with the lip (..e. the frontal 


Fre. 5.—Trocholophes of (a) Pumilus antiquatus, (b) Tegulorhynchia nigricans, (c) Terebratella 
inconspicua. x 25. For conventions used, see p. 596. 


side) on the inner side of the circle. The filaments project antero-dorsally to form a 
bell-shaped ring, which is enclosed between the widely gaping valves. The lateral 
cilia draw water outwards from the interior of the ‘bell’; hence the water enters 
the mantle cavity anteriorly through the mouth of the ‘ bell’ (which thus forms a 
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circular inhalant aperture) and escapes laterally through the rest of the gape. This 
current-system has been seen in the trocholophous stage of Pumilus antiquatus, 
Tegulorhynchia nigricans and Terebratella inconspicua ; it is also known in Tere- 
bratulina retusa and Platidia davidsoni (Atkins, 1956, 1959 a). In the three New 
Zealand species, the tips of the posterior filaments (those arising behind the mouth) 
touch the anterior edge of the ventral mantle, but all the other filaments are apertural 
and project freely. 


Schizolophes 


The trocholophe, which is invariably confined to shells of very small size (except 
in the problematical Dyscolia), is soon modified by the increasing length of the 
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Fic. 6.—Schizolophes of Pumilus antiquatus. (a) early schizolophe with incipient median de- 
flection ; (b, c) later schizolophes with fully-developed deflection. x 15. (d, e) aperture 
diagrams of early and later schizolophous stages. For conventions used, see p. 596. 


brachia. The circular plan of the axes is deformed into a bilobed plan, and the 
lophophore thus enters the schizolophous stage. 

In Pumilus antiquatus (Fig. 6) the filaments of the schizolophe project antero- 
ventrally as in the trocholophe. The tips of the posterior filaments continue at first 
to touch the ventral mantle edge; but later they recede from the edge and touch 
the mantle surface further in. The median inhalant aperture is still bounded by the 
lateral and anterior filaments. The filaments in the median indentation of the 
schizolophe are flexed abfrontally so that their tips are in contact across the median 
plane, thus forming a ‘ tunnel’ which is closed posteriorly but open anteriorly. The 
valves still gape widely. During the schizolophous stage the median arcs of the 
valve edges develop a gentle ‘ ventral deflection ’ (Rudwick, 1959). The deflected 
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are of the ventral valve edge then forms the ventral side of the circular aperture 
(Fig. 6a, d). Then the tips of the anterior filaments mov dorsally until they touch 
the deflected arc of the dorsal valve edge: this divides the gape into a median in- 
halant aperture and a pair of lateral exhalant apertures (Fig. 6e). Water enters 
anteriorly and is filtered outwards between the filaments. Water filtered by the 
posterior filaments flows laterally behind the mouth and emerges by the postero- 
lateral corners of the exhalant apertures; water filtered by the lateral filaments 
flows laterally and emerges directly ; water filtered by the filaments in the median 
indentation flows forwards down the ‘tunnel’ and then laterally until it emerges 
through the antero-dorsal corners of the exhalant apertures. In its essentials, this 
current-system was correctly inferred by Atkins (1958), although only one or two 
of her specimens were in sufficiently good state to show the water currents. 

In Tegulorhynchia nigricans and Terebratella inconspicua the arrangement of the 
filaments is similar and the current-system is identical, except that there is no median 
deflection in the valve-edges (Figs 7a, 9a). Atkins (1959 a, 1960 c) described similar 
schizolophous current-systems in Platidia davidsoni and Argyrotheca cordata. In the 
latter, as in Pumilus, the lophophore remains schizolophous in the adult. It is 
noteworthy that such species are all small in size. 


Ptycholophes 

Three different lines of development from the schizolophe are known in Articulate 
brachiopods (Fig. 1) :—(a) the ptycholophe ; (6) the spirolophe ; and (c) the zygo- 
lophe, leading to the plectolophe. The ptycholophe develops from the schizolophe 
by an increased lobation of the brachial axes. In Megathyris detruncata this merely 
adds two antero-lateral exhalant ‘tunnels’ to the median ‘tunnel’ of the schizo- 
lophe; and the current-system is otherwise unaltered (Atkins, 1960 c). Unfor- 
tunately the current-system of the ptycholophe in the thecideid Lacazella (Lacaze- 
Duthiers, 1861) is still undescribed. No ptycholophes occur in the species studied in 
New Zealand. 


Spirolophes (Fig. 7) 

The schizolophe of Tegulorhynchia nigricans develops into a spirolophe by the 
continued lengthening of the brachia. The terminal filaments of the brachia, which 
in the schizolophous stage are close together at the apex of the median indentation 
(Fig. 7a), first begin to diverge laterally, their tips then touching the brachia near 
the mouth and so preserving the separation of the inhalant and exhalant chambers. 
Then the tips of the brachia themselves diverge dorso-laterally, until they form a 
pair of second whorls parallel but dorsal to the first or proximal whorls (Fig. 7b). 
Both whorls are raised off the dorsal mantle surface and are freely suspended in 
the mantle cavity. The filaments on the second whorls are flexed frontally so that 
their tips touch the abfrontal sides of the brachia in the first whorls. Water is 
drawn into the mantle cavity through the inhalant aperture. Water filtered by the 
lateral filaments of the first whorl leaves the mantle cavity laterally and directly ; 
water filtered by the median filaments flows forwards and emerges by a small median 
exhalant aperture dorsal to the inhalant aperture ; water filtered by the posterior 
filaments behind the mouth flows laterally and emerges at the postero-lateral corners 
of the gape. Some water also flows dorsally into the interior of the incipient spirals 
and is filtered by the filaments of the second whorls. This is the first stage in the 
development of the large conical spirals that characterize the fully-formed spirolophe. 

Further growth enlarges the spirals and increases the number of whorls. The 
filaments on all whorls, except the first, project outwards near the brachial axis but 
are flexed distally so that their tips touch the abfrontal side of the brachial axis of 
the preceding whorl. In this way each spiral brachium forms a cone, walled with 
filaments, the frontal sides of which face the interior of the cone (Figs 7c-e, 15a, b). 
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The extreme tip of the brachium is tightly coiled, so that the cone is completely 
closed at its apex. On the first whorls the posterior filaments continue to touch 
the ventral mantle surface, and those on the medial side continue to touch each 
other across the median plane ; the anterior and lateral filaments either touch the 


mantle or are apertural. 


Fic. 7.—Tegulorhynchia nigricans : schizolophe (a) and spirolophes (b-e). (a, b) x20; (c, d) 
x10; (e) x5. For conventions used, see p. 596. 


During the growth of the spirolophe the relative width of the gape (i.e. the angle 
of opening of the valves) gradually decreases (see Fig. 16), and its division into 
apertures changes radically. In the early spirolophe the apertures remain those of 
the schizolophe, except that the anterior filaments rise away from the dorsal mantle 
edge, thus opening a small dorso-median exhalant aperture (Figs 7b, 8a). This 
gradually enlarges. Meanwhile the inhalant aperture spreads laterally, diminishing 
the size of the lateral exhalant apertures. When the anterior filaments reach the 
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ventral mantle edge, the inhalant aperture is split into two by the new median 
exhalant aperture, and the gape possesses five separate apertures (Figs 7c, 8b). 
Later, the postero-lateral exhalant apertures are almost eliminated by the spread of 
the inhalant apertures, and the gape returns virtually to a condition of three apertures 
(Figs 7d, 8c) ; but these are now reversed in character from the schizolophous stage, 
the median aperture being exhalant and the lateral apertures inhalant. At about 
this stage the valve edges near the median plane begin to show a gentle dorsal de- 
flection, the position of which corresponds to the median exhalant aperture (Figs 
Te, 8d). As the shell grows still further, the deflection broadens proportionately ; 
it also becomes relatively deeper, and its flanks steepen. In the largest shells the 


Fie. §.—Development of apertures in Tegulorhynchia nigricans, illustrated by aperture diagrams : 
compare with Fig. 7. For conventions used, see p. 596. 


exhalant aperture is thus shifted dorsally and partially separated from the lateral 
inhalant apertures (Fig. 8e). 

In the later spirolophous stage (Figs 7d, e ; 15a, b) water is thus drawn in through 
a pair of lateral apertures. Some of it is filtered at once by the antero-lateral fila- 
ments of the first or proximal whorls, and passes dorsally into the exhalant chamber. 
Some of it flows to the back of the mantle cavity and is filtered by the posterior 
filaments, passing posteriorly into a narrow exhalant space behind the mouth, and 
then laterally and dorsally into the main exhalant chamber. But much of the water 
is drawn dorsally into the interior of the cones formed by the distal whorls of the 
brachia, and is filtered outwards by the filaments there. Water entering the exhalant 
chamber by all these routes flows anteriorly and/or medially through the chamber 
and emerges at the median exhalant aperture. 

Current-systems have not yet been described for any other spirolophous Articulate 
species. Leidhold (1922) figured a preserved specimen of T'egulorhynchia doederleina 
in which the spirolophe appears to be fully relaxed and in its natural state. It shows 
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the filaments disposed as in 7’. nigricans and the current-system would probably 
be identical. Rowell (1960) has described the early stages of growth of the In- 
articulate Crania anomala. The spirolophe develops from a schizolophe in essentially 
the same way as in 7’. nigricans. Orton (1914) figured the brachia of fully-grown CO. 
anomala, showing them coiled tightly with the filaments of all whorls projecting 
outwards. This implied that the water was filtered repeatedly by the successive 
whorls of filaments, which would be a highly inefficient arrangement. Atkins (un- 
published) re-studied this species, and found that the brachia are more loosely coiled, 
and that the filaments on all whorls except the first are flexed so that their tips touch 
the preceding whorl. Thus the brachia form filament-lined cones as in T. nigricans. 
Chuang (1956) figured the filaments of the ‘ minor spirals’ (i.e. distal whorls) of 
Inngula unguis projecting outwards like those of Orton’s Crama. Through the 
courtesy of Dr Chuang I have been able to study this species briefly at Singapore. 
It seems that the filaments project outwards when they have only partially relaxed, 
after the valves have been forcibly separated. If given time to relax completely, the 
filaments are flexed so that their tips touch the preceding whorl. This orientation 
can also be observed in undisturbed specimens, if they are mounted so that the 
spirals can be seen through the median exhalant aperture while the animal is feeding 
normally. Thus despite the different orientation of the spirals, the current-system 
is broadly similar to that of Tegulorhynchia and Crania. 


Zygolophes 
During the development of the zygolophe from the schizolophe, the plan of the 

brachial axes remains bilobed, but the orientation of the lobes changes gradually 
until the filaments on each lobe are projecting laterally rather than ventrally (see 
Fig. 1). 

ane development has been studied in Terebratella inconspicua (Fig. 9). The 
filaments continue at all stages to separate the inhalant from the exhalant chamber. 
The antero-lateral and lateral filaments of the early schizolophe gradually swing 
dorsally until their tips touch the dorsal mantle edge, while the anterior filaments 
swing toward the ventral mantle (Fig. 9a). The original median inhalant aperture 
is thus divided into a pair of lateral inhalant apertures separated by a median ex- 
halant aperture ; and there are then five apertures in all (Fig. 9d). Then the tips 
of the filaments in the median indentation separate, touching the ventral mantle 
instead of each other, and swing laterally until they approach the ventral mantle 
edge (Fig. 9). Meanwhile the postero-lateral exhalant apertures are almost elimin- 
ated, so that the gape returns to a condition of three main apertures (Fig. 9e). Al- 
though the zygolophe is quite different from a spirolophe, the metamorphoses of the 
apertures in the course of their development are thus identical. By the end of the 
zygolophous stage (Fig. 9b) the inhalant chamber consists of a horseshoe-shaped 
channel, the sides of the ‘ horseshoe ’ being recognizable as the ‘ lateral arms’ of the 
future plectolophe. Each lateral arm is a ‘ gutter’ (Richards, 1952) floored with 
the supporting tissues of the lateral arm and walled with filaments, the frontal 
surfaces of which face inwards. Water is drawn through the lateral apertures into 
the ‘ gutters’. Most of it is filtered by the filaments forming the walls of the ‘ gut- 
ters ’, and passes either dorsally or ventrally into the exhalant chamber. Some of 
the water flows posteriorly down the ‘ gutters’ and then medially to the region 
near the mouth. If it is then filtered by the posterior filaments behind the mouth 
it passes into a narrow exhalant space between these filaments and the body-wall, 
and then flows laterally and may emerge by the small posterior apertures. If instead 
it is filtered by the filaments near the distal ends of the brachia, it passes anteriorly 
and directly into the exhalant chamber. Most of the water entering the exhalant 
chamber by these various routes flows anteriorly and/or medially and emerges at the 
median exhalant aperture. 
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Zygolophes arranged as in this speci i 

pecies have also been figured by Atkins (1959 a 
Denes 1960 a, b) for several other terebratelloid species. The Peto eee 
system is clearly dependent on the fact that the supporting tissues of the lateral 
arms are fused to form a ‘ watertight ’ floor to the ‘ gutters ’ (see Fig. 15c) 
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Fic. 9.—Terebratella inconspicua: development of schizolophe (a) through zygolophe (6) into 
early plectolophe (c). Note prominent median septum. x 20. (d, e) aperture diagrams 
of schizolophe (d) and zygolophe or early plectolophe (e). For conventions used, see 
p- 596. 


Plectolophes 


In most plectolophous species the lophophore passes through the zygolophous 
stage while the shell is still small, and throughout the rest of the growth the lophophore 
is plectolophous. Plectolophes develop from zygolophes by the continued lengthening 
of the brachia (see Fig. 1). The extremities of the brachia begin to project forwards, 
thus adding a small median lobe to the lophophore. The brachial axes in this lobe 
are connected across the median plane by a ‘ diaphragm ’, and the filaments on each 
side are flexed so that their tips touch in the median plane. Thus this lobe has the 
character of a ‘tunnel’ of triangular cross-section, closed anteriorly but opening 
posteriorly, lined internally with the frontal surfaces of the filaments, and forming a 
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osrolongation of the inhalant chamber (see Fig. 15c). During the plectolophous stage 
this mead lobe lengthens, curving anterodorsally at first, until ultimately it ae 
a large median plane spiral, the ‘median coil’. At first this coil occupies a wee 
hollow in the ventral part of the body-wall, this hollow being bounded by the cal- 
careous ring or ‘ hood ’ which develops from the median septum at this stage in the 
growth of the brachial skeleton (Figs 9c, 11). With the growth of the skeleton into 
the adult ‘loop’, the hollow ‘ breaks through’ to the dorsal part of the mantle 


Fie. 10.—Terebratella inconspicua: adult plectolophes. (a) anterior view; (b) oblique view, 
part of dorsal valve removed; (c) median coil and base of lateral arm, removed from 
shell, x5. (d) aperture diagram. For conventions used, see p. 596. 


cavity, so that the median coil ultimately occupies a large part of the mantle cavity 
between the lateral arms (Figs 10, 12, 13). In the plectolophous stage the disposition 
of the filaments on the lateral arms, and the arrangement of the apertures, remain 
unchanged from the zygolophous stage. 

This description summarizes the form of the plectolophe as it is known in several 
terebratelloid species (Richards, 1952 ; Atkins, 1959 a, b, ec; 1960 a, b). To these 
species T'erebratella inconspicua and 7’. sanguinea may now be added (see also Atkins 
1961). In these two latter species a median deflection corresponding to the median 


exhalant aperture develops gradually, but unlike the deflection in Tegulorhynchia 
nigricans it is directed ventrally (Figs 10, 12). 
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I have studied the current-system of the plectolophe in 7’. inconspicua (Fi 
9c, 10), T. sanguinea (Figs 11, 12) and eee lene (Figs 13, 14 aes 
In part it is similar to that of a zygolophe. Water is drawn through the lateral 
apertures into the ‘ gutters ’, and much of it is filtered by the filaments forming the 
walls of the ‘ gutters ’ and_so passes dorsally or ventrally into the exhalant chamber. 
But owing to the growth of the median coil, the proportion of water passing posteriorly 
along the ‘gutters ’ is naturally much greater than in a zygolophe. Some of this 
water is filtered by the filaments behind the mouth, as in a zygolophe ; but most of 
it sweeps round and enters the median coil. As it traverses the tunnel-like coil 
more and more of it is filtered out by the filaments there. The rapidly decreasing 
volume which thus traverses the more distal parts of the coil is accommodated within 
the rapidly tapering and blind-ended ‘tunnel’. Most of the water which enters the 
exhalant chamber by all these routes simply flows anteriorly and/or medially and 
emerges through the median exhalant aperture. But the water filtered by the 
filaments on the inner whorls of the median coil cannot take such a simple course, 
for the tight coiling of the supporting tissues of the brachial axes prevent it from 


Fig. 11.—Terebratella sanguinea: early plectolophes, seen in anterior view. Note prominent 
median septum. X10. For conventions used, see p. 596. 


flowing laterally and directly into the main exhalant chamber. Instead it is forced 
to flow along a spiral path parallel to its path as unfiltered water within the coil, 
but in the opposite direction, until it emerges ventro-laterally by a pair of small 
orifices at the base of the lateral arms (Figs 10d, 120, 14, 15c, d). (The current-system 
is shown incorrectly in this respect in a provisional figure already published (Rudwick, 
1960, Text-fig. 7e), but this does not affect the argument there advanced.) This is 
the only part of the current-system which cannot be observed directly in the un- 
disturbed animal, since the inner whorls of the median coil are completely hidden 
from view. But water can be seen emerging from the orifices described, and this 
counter-spiral current seems to be the only possible reconstruction. 

This description differs radically from Richards’s (1952) account of NV. lenticularis 
(in which she also used 7’. inconspicua and 7’. sanguinea as supplementary material). 
Her paper is valuable for containing the first clear description of the division of the 
mantle cavity into separate chambers. But owing to the difficulties of observing 
the lophophore fully in an undisturbed brachiopod her description of the current- 
system had to be largely inferential. Atkins (1956) has suggested how her description 
of the directions of ciliary action may have been mistaken, and my observations 
confirm this. As in all other brachiopods so far investigated, the lateral cilia in NV. 
lenticularis beat across the filaments and not towards their tips, and the water is 
thus filtered between them. Apparently the suspensions that Richards used to 
detect the currents always evoked a rejection mechanism in the filaments of the 
side-arms, so that she did not see the normal filtering action there. Observing 
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nevertheless the strong flow of water posteriorly along the ‘ gutters ’, towards ue 
median coil (which was presumably continuing to function normally), she inferre 

that the essential feeding mechanism occurred only in the median coil, where she was 
unable to observe it directly. But such a feeding mechanism would be inoperable 
until the animal had reached the plectolophous stage. Instead, it now seems clear 
that the development of the median coil merely increases the filtering capacity of a 
feeding system that is first established at a much earlier stage of growth. I have 


Fra, 12.—Terebratella sanguinea : adult plectolophes. (a) anterior view, (b) oblique view. x5. 
For conventions used, see p. 596. 


never seen particles thrown centrifugally towards the tips of the filaments while 
traversing the median coil, as Richards’s interpretation required ; and considering 
the very small size of the suspended particles and the low velocities of flow within 
the mantle cavity, it seems very improbable that this would ever occur. There is 
also no evidence that any but the lateral cilia are responsible for the creation of the 
water-currents : suspended particles flowing near the mantle surfaces in the exhalant 
chamber show that there is a normal velocity gradient towards these surfaces, and not 


the reversed gradient that would be caused if the mantle cilia were contributing to 
the currents. 
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3. ACCEPTANCE AND REJECTION oF PARTICLES 
Acceptance of Particles 


__The width of the gape is normally constant in each individual. The relative 
width decreases steadily during ontogeny (Fig. 16). Atkins (1959 a : 180) observed 
that sometimes a brachiopod shell may gape open without any water-currents being 
produced. I never saw this in any of the New Zealand species. No specimen was 
ever seen open yet without filtering, except during the rejection of pseudofaeces (see 
below) or as an effect of artificially adverse conditions (e.g. inadequate aeration of 
the water, which also produced other characteristic symptoms such as the contraction 
of the filaments and the narrowing of the gape). Normally, therefore, whenever the 
shell in these species is open, water-currents are drawn continuously through the 
filter formed by the filaments. In almost all brachiopod species the row of filaments 


Fie. 13.—Neothyris lenticularis : adult plectolophe in anterior view. x5. For conventions used, 
see p. 596. 


is differentiated, after the earliest stages of growth, into two series, alternate filaments 
being slightly nearer (adlabial series) or further (ablabial series) from the food- 
groove and lip (Fig. 1). The lateral cilia beat across the narrow gaps between 
adjacent filaments ; and since the filaments are offset the stream-lines in the water 
are sharply deflected as they traverse the filter. Suspended particles are intercepted 
by the filaments apparently by simple collision with the frontal surfaces ; the pro- 
portion thus intercepted seems to be rather low, and many particles can be seen 
passing straight through the narrow gaps between the filaments and entering the 
exhalant chamber (thereby allowing the water-currents in the exhalant chamber to 
be followed without difficulty). The particles that do collide with the filaments pass 
rapidly down the frontal surfaces into the food-groove, and thence rapidly along the 
food-groove towards the mouth. No qualitative sorting seems to occur during this 
process, and the content of the gut includes a large proportion of silt particles and 
other inorganic material. Details of the digestive process, described in Lingula and 
Crania by Chuang (1959, 1960), are still unknown in Articulate brachiopods. 


Defaecation and ‘ Snapping’ 

In Articulate brachiopods the gut is blind-ended, and faecal material is expelled 
at intervals through the mouth. The process of defaecation can rarely be seen in 
larger specimens, for the mouth region is usually obscured from view. It has been 
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seen occasionally, however, in smaller specimens of the species described in Bee 
paper. Anti-peristaltic waves are first seen passing up the oesophagus be : is 
clearly visible through the thin body-wall), while the oral lip is flexed cokers e sees 
the food-groove, leaving the mouth widely open. A long cylindrical faecal pe he is 
thus forced up the oesophagus ; as it emerges from the mouth it generally brea me 
into two or three shorter pellets. These move distally up the filaments nearest os 
mouth. From the tips of these filaments they are transferred to the ventral mantle 
surface. The filaments then flex frontally, and the pellets move posteriorly into the 
exhalant chamber, presumably by the action of the mantle cilia. While the eee 
return to their normal position, the pellets are transported laterally across the mantle 
surface until they reach the postero-lateral corner of the gape between the valve 
edges. Their final expulsion from the shell is effected by a rapid ‘ snapping ’ of the 
valves, which produces a momentary but powerful outflow of water through the 
gape. This rapid closure of the valves, which is followed. by a more gradual re- 
opening, is the most common movement of the valves. The rapid closure can be 
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Fie. 14.—Neothyris lenticularis: ventral (a) and lateral (6) views of adult plectolophe drawn 
after removal from shell (right lateral arm cut off at base): to show currents associated 
with median coil. 4. For conventions used, see p. 596. 


attributed to a single twitch in the ‘ quick’ posterior adductor muscles, and the 
slower re-opening to the elastic recovery of the divaricator muscles, which are func- 
tionally similar to the ligament of a lamellibranch (Rudwick, 1961 b). Snapping 
may be repeated two or three times if the first ‘ snap ’ fails to throw the faecal pellets 
clear of the shell. 

If a brachiopod is mounted in a clean vessel through which sea-water flows 
continuously but gently, two small piles of faecal pellets accumulate, after a few 
hours, below the postero-lateral ares of the valve-edges. Since this can be seen in 
specimens of all sizes, the process of defaecation is probably the same throughout 
ontogeny. In the natural habitats of these species there is probably sufficient 
wave or current action to prevent any excessive accumulation of faeces around the 
shell; and those that are attached to the undersides of boulders have the additional 
advantage that the pellets fall away from the shell even in the absence of currents. 
Sometimes, after the valves have snapped shut to eject a faecal pellet, the whole 
shell rotates on the pedicle (by the contraction of the pedicle muscles on one side) 
before re-opening in a different orientation. This serves to move the valve edges 
away from the previous accumulations of pellets, which are then more readily dis- 
persed. As in other filter-feeding animals, the ejection of faeces in the form of pellets 
clearly ensures that faecal material is not passed again through the filtering organ. 

Attempts to record the frequency of snapping and hence of defaecation were 
hampered by technical difficulties. If a fine thread is attached to the dorsal valve 
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and to a delicate lever, so that movements of the valve can be recorded automatically 
on a smoked drum, the slight tension on the valve causes the brachiopod to behave 
abnormally, snapping much more frequently than in control experiments. In these 
control experiments the brachiopod was watched continuously, and the moments of 
snapping and other movements of the shell were recorded on a smoked drum by 
manually-operated switches. This gave reliable records of the frequency of snapping 
when the animal is undisturbed, but the length of record obtainable by this method is 
limited by the patience and endurance of the observer. Provisionally it may be 
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Fic. 15.—Diagrams to show current-systems of spirolophe of Tegulorhynchia nigricans (a, 6) and 
plectolophe of Neothyris lenticularis (c, d). (a, ¢), transverse sections ; (b) oblique longi- 
tudinal section ; (d) median longitudinal section (black triangles mark positions of sections). 
Unfiltered water marked with sparse stippling; irregular close stippling represents great 
brachial canal; regular close stippling represents visceral cavity and organs within it. 
Not to scale. 


concluded :—(a) that snapping occurs at fairly regular intervals ; (b) that there may 
be specific differences in the frequency (Fig. 17); and (c) that the frequency is 
greatest in the smallest specimens and decreases during ontogeny. 


Rejection of Pseudofaeces 


An occasional large particle which enters the inhalant chamber may be rejected 
in one of two ways without any interruption of the flow of the water-currents. The 
frontal cilia on the filaments on which the particle alights may be reversed, and will 
then carry the particle to the tips of the filaments and so to the edge of the shell, 
whence it will be ejected from the mantle cavity the next time the shell snaps. This 
has already been noted by Atkins (1958 : 578) in Pumilus. Alternatively the fila- 
ments may be drawn aside and the particle released into the exhalant chamber. Le 
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it is buoyant it will then float out with the exhalant current. If not, it falls on to the 
mantle surface, becomes entangled in mucus secreted by the mantle cells, and is 
transported by mantle cilia to the edge of the shell. After the particle has fallen 
on to the mantle surface there is a distinct pause of two or three seconds before it 
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Fie. 16.—Maximum width of gape (mm.) observed on specimens of (a) Pumilus antiquatus, 
(6) Tegulorhynchia nigricans, (c) Terebratella inconspicua, (d) Terebratella sanguinea, and 
(e) Neothyris lenticularis ; plotted against breadth of shell (mm.). 


begins to move. Moreover, if several particles fall together on to the mantle, they 
become strung out in a line and move across the mantle in a narrow path. These 
observations suggest that the mantle cilia and mucus glands are not continuously 
active, but are only stimulated into local activity by the arrival of particles in their 
vicinity. The behaviour of suspended particles floating very near the mantle surface 
also shows that the mantle cilia are normally inactive. 
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Fie. 17.—Frequency of ‘ snapping ’ of specimens of (a) Tegulorhynchia nigricans, breadth 15 mm., 
(6) Neothyris lenticularis, breadth 18 mm., and (c) Terebratella sanguinea, breadth 15 mm., 
during the same period of 1} hours (scale in minutes). Curves indicate width of gape 
(but not to scale), and illustrate sudden ‘ snapping ’ and slower re-opening of valves. 


A common phenomenon, which may be a kind of rejection mechanism, is the 
sudden ‘ flicking’ of a single filament. This is a sudden flexing of a filament in a 
frontal direction, presumably caused by a contraction in the strand of striated muscle 
fibres which runs up the frontal side of each filament. Usually no large particle 
was visible in the vicinity when this occurred. But possibly this reaction is evoked 
when a small but ‘ undesirable ’ particle collides with a filament : if so, the ‘ flicking ’ 
would sweep the particle off the filament and allow it to be drawn through the resultant 
gap in the row of filaments into the exhalant chamber. 

If large quantities of suspended particles are introduced into the inhalant cur- 
rents, a quite different rejection mechanism comes into operation. Unlike the 
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previous reactions, it involves the cessation of normal filtering, at least on the part 
of the lophophore affected by the suspension. Mucus, which is not evident on the 
filaments when particles are being accepted, suddenly appears in abundance. A 
sheet of mucus, continuous across adjacent filaments, moves distally, entangling the 
particles and transporting them towards the tips of the filaments. According to 
Atkins (1956 ; 1958 : 576), in Articulates this is due to a true reversal of the frontal 
cilia ; but according to Chuang (1956) it is due, in Lingula, to the existence of parallel 
tracts of frontal cilia, some beating towards the base of the filaments and some 
towards the tips, as in lamellibranchs. In any case the lateral cilia in the region 
affected apparently stop beating. This was probably the state of the filaments 
observed by Richards (1952 : 80) and mistaken by her for the normal action of the 
cilia. The process of rejection can be seen most clearly on the filaments of the 
lateral arms of a plectolophe or of the proximal whorls in a spirolophe. The tips 
of these filaments touch the lateral arcs of the valve edges, and at these edges a 
string of mucus-entangled particles collects. The pseudofaeces thus collected are 
expelled by snapping of the valves, usually repeated several times. As Richards 
noted, these masses may remain sticking to the setae unless there is a moderate 
current flowing through the vessel. 

This mechanism of wholesale rejection is probably rare under natural circum- 
stances. It can be induced readily by thick suspensions of carmine, carborundum, 
mud, etc. But it was never seen to occur spontaneously in specimens kept in the 
laboratory, although the sea-water which flowed continuously around them fluctuated 
widely in turbidity from day to day, as in their natural habitat (Rudwick, in the 
press). 

A further rejection mechanism was seen very occasionally in Pumilus. A sudden 
reversal of the water-currents, lasting only a second or two, forced water and suspend- 
ed particles out through the inhalant aperture. This phenomenon was seen by 
Atkins (1960 c : 470) in Megathyris, and attributed to a reversal of the lateral cilia. 
This seems to be the true explanation. In Pumilus, fine suspended particles could 
be seen passing rapidly between the filaments in the reversed direction, indicating 
that the reversal of the water-currents is indeed due to a reversal of the lateral and 
not of the frontal cilia. In Megathyris Atkins noted a pause of two or three seconds, 
after the reversed current had ceased, in which no current was detectable and the 
lateral cilia were presumably inactive, before the normal direction was resumed. 
This could not be seen in Pumilus, for the reversed current was immediately followed 
by a snapping of the shell. 


4, DiIscussION 
Significance of Lophophoral Development 


Over a century ago Hancock (1859 : 809) suggested that ‘the various ways in 
which [the lophophore] is folded up and disposed within the pallial chamber [=mantle 
cavity] are only so many methods of arranging within a limited space the requisite 
extent of organ’. More recent knowledge of the phylum supports this interpre- 
tation. 

The diameter and spacing of the filaments remain remarkably constant at all 
stages in the growth of the lophophore, and are closely comparable in the different 
species described in this paper. This uniformity is probably determined by the 
absolute scale at which a ciliary filter of this kind can operate most effectively. The 
rate at which water is filtered through any part of the row of filaments also seems 
to be fairly constant, regardless of the size and form of the lophophore or the position 
on the lophophore of the particular filaments observed. (This was found impos- 
sible to measure accurately, but is evident if a stereoscopic microscope 1s moved 
over a number of specimens and the rate of flow observed at many points in succes- 
sion.) This apparent constancy in the form and function of the filaments suggests 
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that the filtering capacity of a lophophore is directly proportional to the area of 
filter that it contains, i.e. to the total area of the rows of filaments on the brachia. 
Thus the lophophore appears to be an organ of ‘ unit construction ’, of which every 
brachiopod must possess ‘the requisite extent’. If the metabolic requirements of 
the brachiopod are roughly proportional to the volume of the tissues, and its food- 
collecting capacity to the area of the filaments, any increase in the linear dimensions 
of the body must clearly be accompanied by a relatively greater increase in the area 
of the filaments. In other words the relative complexity of the lophophore must 
increase progressively during ontogenetic increase of size. This is precisely what 
happens during the development of a trocholophe into a schizolophe, and of a schizo- 
lophe into either a ptycholophe or a spirolophe or a plectolophe (Fig. 1). The ptycho- 
lophe, spirolophe and plectolophe can thus be interpreted as the end-points of three 
alternative developmental pathways, each of which fulfils the demand for increasing 
complexity. 

Systematic considerations strongly suggest that at least two of these three 
alternatives have arisen more than once during the history of the phylum. Ptycho- 
lophes are known in the Megathyrids and in the Thecideids, families with few other 
signs of close relationship. Spirolophes are known in the Articulate Rhynchonel- 
lacea, in the Inarticulate Lingulacea, Craniacea and Discinacea (all of which are quite 
distinct from one another), and perhaps also in the extinct Atrypacea, Athyracea 
and Spiriferacea (Rudwick, 1960). Even plectolophes, which are known in the 
_ Terebratulacea and Terebratellacea, may have developed independently in those 
groups, for they are associated with different kinds of brachial skeleton. All this 
suggests the operation of some kind of inherent limitation to the possible variety of 
lophophores. 

One source of limitation lies in the fact that ‘the requisite extent of organ ’ 
cannot be ‘folded up and disposed within the pallial chamber’ just at random. 
For efficiency, or even efficacy, of operation as a filtering organ, the lophophore must 
be arranged in accordance with the paradigmatic specification (Fig. 3). In other 
words the linear axis of the lophophore must be looped or coiled in such a way that 
the filaments can collectively divide the mantle cavity into isolated inhalant and 
exhalant chambers with separate apertures. Clearly this must limit the number of 
possible arrangements of the lophophore. 

A further and related limitation concerns the mode of support of the brachial 
axes. If the axes are fused throughout to the mantle surface, they can only increase 
in relative length by the formation of lobes and re-entrants in the plane of the mantle 
surface. This sets a limit to the possible increase in the area of the filaments relative 
to the size of the body. This limitation may be reflected in the small size of all 
shells with schizolophes or ptycholophes. (The putative ptycholophes of the extinct 
Oldhaminoids (see Williams, 1953) are lobed on so much larger a scale than any 
ptycholophes in living species that it is doubtful whether they operated in a com- 
parable way: the highly aberrant morphology of this group strongly suggests an 
unusual mode of life.) 

In the second major alternative, the spirolophe, a new factor is present. The 
brachial axes are attached to the ‘ body’ only near the mouth, where they are 
supported by calcareous ‘ crura’; otherwise they are supported by an apparent 
hydrostatic skeleton—the closed, distended, fluid-filled ‘ great brachial canal ’. 
This allows the axis to be coiled freely in three dimensions, and thereby allows a 
far greater area of filaments to be disposed effectively within the enlarging mantle 
cavity. I have argued elsewhere (Rudwick, 1960) that there are only two ways in 
which such spirally coiled axes can be arranged to produce effective current-systems: 
either the water must be filtered out of the interior of the spirals, or filtered into the 
interior. The former alternative is found in Tegulorhynchia, as described in this 
paper, and also in Crania and Lingula ; Rowell (1961) infers that the latter probably 
occurs in Discinisca ; and I have suggested that both alternatives were found among 
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the extinct spire-bearing brachiopods, with the brachial axes supported by a cal- 
careous skeleton instead of a hydrostatic one. 

In the third major alternative, the plectolophe, another new factor is present. 
As in a spirolophe, the brachial axes are supported by an apparent hydrostatic 
skeleton (which may in turn be partially supported by a calcareous brachial skeleton 
or ‘loop’); but where each axis is looped to form the ‘lateral arm’, the great 
brachial canal is not looped in parallel but fused into a single distended fluid-filled 
tube. This is significant, for it seals the floor of the ‘ gutter ’ formed by the filaments 
on the lateral arm, and thereby allows the inhalant chamber to be isolated from the 
exhalant (see Fig. 15c). Without this fusion of the great brachial canal the current- 
system of a zygolophe or plectolophe would be ineffective. The development of a 
median coil, which transforms a zygolophe into a plectolophe, is similarly dependent 
for its efficacy on the existence of the ‘ diaphragm ’ which links the brachial axes on 
either side of the coil. This diaphragm forms the floor of the coil and thereby isolates 
the inhalant interior of the coil from the exhalant space around it (Fig. 15c,d). The 
fully formed plectolophe, with a large median coil fillmg most of the central part of 
the mantle cavity, clearly permits a high ratio between the total area of the filaments 
and the volume of the mantle cavity. 

The development of the form of the lophophore therefore seems to be governed 
by two factors : (a) a dimensional relationship which requires any increase in absolute 
size to be accompanied by a relatively greater increase in the area of the filaments and 
hence in the complexity of the lophophore ; (6) the limited number of ways in which 
the linear lophophore with its unfused filaments can be arranged so as to achieve this 
increased complexity while providing an effective current-system. This second 
factor is partly determined by the nature of the supporting structures of the brachial 
aXes. 


Comparison with Other Filter-feeding Animals 


Orton (1914) first commented on the striking similarities between the structure 
of the lophophore in brachiopods and that of the equivalent organs in other ciliary 
filter-feeding animals (polychaetes, lamellibranchs, filter-feeding gastropods, ascidians 
and Amphiorus). He dealt with the analogy chiefly at the level of the morphology 
and ciliary mechanisms of the filaments and equivalent structures. Pantin (1901: 
147) has attributed this similarity to the limited possibilities for variation among 
filter-feeding mechanisms that rely upon the action of cilia. In all the groups 
mentioned above, except the polychaetes, the analogy can be taken a stage further. 
The filter-feeding organ operates within an enclosed space, and it invariably divides 
that space into separate inhalant and exhalant chambers with separate apertures, 
according to the functional paradigm mentioned earlier in this paper (Fig. 3). 

But it is with the lamellibranchs that the analogy, on this grosser level of organiza- 
tion, reaches its most pronounced form. Since the separate derivation of lamelli- 
branchs and brachiopods is unquestioned, their resemblances provide an unusually 
clear instance of true convergence, unmodified by resemblances due to a common 
origin. Most members of the two groups possess in common, among other characters, 
(a) an external bivalved shell lined with, and secreted by, relatively thin mantle 
lobes, (b) a large mantle cavity enclosed by the mantle lobes, divided into separate 
chambers by an organ that acts both as a pump and as a filter, and provided with 
separate apertures to the exterior, and (c) valves that are hinged together on one side 
(most Inarticulate brachiopods possess a functional though not a skeletal hinge) 
and capable of being opened and closed by muscles and/or a ligament. In addition, 
there are similarities in the mechanisms of rejection: the use of mantle cilia to 
transport faeces and pseudofaeces to the mantle edge, and the use of a ‘ quick’ ad- 
ductor muscle to produce the sudden snapping that ejects these materials from 


the shell. 
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But there are two major differences which are of great significance in the evalua- 
tion of brachiopod feeding mechanisms :—in brachiopods there is (a) no fusion of 
the filaments ; and (b) no fusion between the mantle edges (except at the hinge), 
nor even their erection across the gape. Each of these differences imposes limitations 
on the filter-feeding systems of brachiopods relative to those of lamellibranchs. 

(a) Owing to the lack of fusion of the filaments the isolation of the chambers, 
and hence the efficacy of the current-system, depends on the ability of the individual 
filaments to withstand the pressure-difference between the chambers. In other 
words the back-pressure from the pumping action of the lateral cilia is withstood, and 
the separation of the chambers preserved, only because the filaments have sufficient 
strength to remain in position. The limited strength of long slender filaments almost 
certainly limits the pressure-difference and pumping rate at which the system can 
operate. It would be very difficult to confirm this quantitatively in living brachio- 
pods, for any interference causes abnormalities in the filter-feeding ; but if brachio- 
pods are observed alongside lamellibranchs of the same size living in the same situa- 
tion (Ostrea hefferdi, Modiolaria impacta), it is evident from the velocities of the 
water-currents that the brachiopods are operating at a much lower rate of filtration 
than the lamellibranchs. 

(6) As pointed out earlier in this paper, the lack of fusion or even erection of the 
mantle edges precludes the formation of siphons or even the clear separation of 
adjacent apertures. It has often been suggested (e.g. Schmidt, 1937) that a deep 
vertical-sided median deflection, of the kind which is rather common among fossil 
brachiopods, could have served to separate the median aperture from the lateral 
apertures ; but this interpretation can hardly apply to the much weaker median 
deflections of the species described in this paper. In these the depth of the deflection 
is usually less than the width of the gape (Figs 7e, 10, 12), so that the apertures are 
separated only to a very minor degree. I hope to discuss this problem elsewhere. 


SUMMARY 


All major types of lophophore in branchiopods, except the ptycholophe, are 
represented among the growth stages of the five species described here. The basic 
ciliary mechanisms are uniform, and similar to those known in other species. The 
mantle cavity is always divided by the lophophore into inhalant and exhalant 
chambers with separate apertures ; but the arrangement may change radically during 
ontogeny with the increasing complexity of the lophophore, which is attributed to a 
dimensional relation between food-collecting capacity and metabolic requirements. 
The limited variety of lophophoral arrangements is taken to reflect an inherent limi- 
tation imposed by the basic structure and function of lophophores. The feeding 
mechanisms are compared briefly with those of other filter-feeding animals. 


ACKNOWLEDGEMENTS 


My visit to New Zealand was made possible by the award of a Royal Society and 
Nuffield Foundation Commonwealth Bursary and by a grant under the British 
Council’s Commonwealth University Interchange Scheme. I would like to thank 
Professor G. A. Knox (Department of Zoology, University of Canterbury) and 
Dr E. J. Batham (Portobello Marine Biological Station, University of Otago) for 
giving me facilities for this work and for much help and useful discussion. Dr 


K re Joysey kindly read the manuscript of this paper and suggested several improve- 
ments. 


REFERENCES 


Atkins, D. 1956. Ciliary feeding mechanisms in brachiopods. Natwre, 177 : 706-707. 


1958. A new species and genus of Kraussinidae (Brachiopod ith i 
Proc. zool. Soc. Lond., 131 : 559-581. ae pager 


XLtv] FILTER-FEEDING MECHANISMS IN SOME BRACHIOPODS 615 


Arxrins, D. 1959a. The growth stages of the lophophore of the brachiopods Platidia davidsoni 
(Eudes Deslongchamps) and P. anomoides (Philippi), with notes on the feeding mecha- 
nism. J. mar. biol. Ass. U.K., 38: 103-132. 
—— 1959b. The early growth stages and adult structure of the lophophore of Macandrevia 
cranium (Miller) (Brachiopoda, Dallinidae). J. mar. biol. Ass. U.K., 38 : 335-350. 
——1959ec. The growth stages of the lophophore and loop of the brachiopod Terebratalia 
transversa (Sowerby). J. Morph., 105 : 401-426. 

—— 1960a. A new species and genus of Brachiopoda from the Western Approaches, and the 
growth stages of the lophophore. J. mar. biol. Ass. U.K., 39 : 71-89. 

—— 1960b. A note on Daliina septigera (Lovén) (Brachiopoda, Dallinidae). J. mar. biol. 
Ass. U.K., 39 : 91-99. 

—— 1960c. The ciliary feeding mechanism of the Megathyridae (Brachiopoda), and the growth 
stages of the lophophore. J. mar. biol. Ass. U.K., 39 : 459-479. 

—— 1961. A note on the growth stages and structure of the adult lophophore of the brachiopod 
Terebratella (Waltonia) inconspicua (G. B. Sowerby). Proc. zool. Soc. Lond., 186 : 255-271. 

BrEcuer, C.E. 1897. Morphology of the brachia. In ScHucHERT, C. A synopsis of American 
fossil Brachiopoda, including bibliography and synonymy. Bull. U.S. Geol. Surv., 87 : 
105-112. 

Cuuana, 8S. H. 1956. The ciliary feeding mechanisms of Lingula unguis (L.) (Brachiopoda). 
Proc. zool. Soc. Lond., 127 : 167-189. 

—_— 1959. The structure and function of the alimentary canal in Lingula unguis (L.) (Brachio- 
poda). Proc. zool. Soc. Lond., 182 : 283-311. 

—— 1960. An anatomical, histological, and histochemical study of the gut of the brachiopod, _ 
Crania anomala. Quart. J. micr. Sci., 101 : 9-18. ; 

Crisp, D. J. & SourHwarp, A. J. 1956. Demonstration of small-scale water currents by 
means of milk. Nature, 178: 1076. 

Davipson, T. 1881. A monograph of Recent Brachiopoda. Trans. Linn. Soc., 4: 1-248. 

Hancock, A. 1859. On the organization of the Brachiopoda. Phil. Trans. Roy. Soc., 148 : 
791-869. 

Lacaze-DutHiers, D. pu. 1861. Histoire naturelle des Brachiopodes vivants de la Médi- 
terranée. Ann. Sct. nat. Zool., 15 : 259-330. 

LemuHorp, C. 1922. Rhynchonella doederleini Dav., eine kritische Brachiopoden-untersuchung. 
Neu. Jahrb. Min. Geol. Pal., Bl. Bd., 45 : 423-470. 

Morse, E. S. 1879. Note on the extension of the coiled arms in Rhynchonella. Amer. J. Sct., 

3), 17 : 257. 

oe Observations on living Brachiopoda. Mem. Boston Soc. nat. Hist., 5 : 313-386. 

Orton, J. H. 1914. On ciliary mechanisms in brachiopods and some polychaetes, with a 
comparison of the ciliary mechanisms on the gills of Molluscs, Protochordata, Brachiopods, and 
cryptocephalous Polychaetes, and an account of the endostyle of Crepidula and its allies. 
J. mar. biol. Ass. U.K., 10: 283-311. ; 

Pantin, C.F. A. 1951. Organic design. Adv. Scv., 8 : 138-150. 

PERCIVAL, E. 1944. A contribution to the life history of the brachiopod Terebratella inconspicua 

Sow. Trans. Roy. Soc. N.Z., T4: 1-238. 

1953. Orientation of Telotrematous Brachiopoda. Nature, 171 : 436. 

Ricuarps, J. R. 1952. The ciliary feeding mechanisms of Neothyris lenticularis (Desh.). J. 
Morph., 90: 65-91. : 

Rowett, A. J. 1960. Some early stages in the development of the brachiopod Crania anomala 
(Miller). Ann. Mag. Nat. Hist., (13), 8 : 35-52. ‘ 

_ 1961. Inhalant and exhalant feeding current systems in Recent brachiopods. Geol. Mag., 
98 : 261-263. 

Rupwick, M. J. S. 1959. The growth and form of brachiopod shells. Geol. Mag., 96 : 1-24. 

_ 1960. The feeding mechanisms of spire-bearing fossil brachiopods. Geol. Mag., 97 : 369— 


383. : ; 
__196la. The feeding mechanism of the Permian brachiopod Prorichthofenia. Palaeontology, 
3 : 450-471. 


__ 1961 b. ‘ Quick’ and ‘ catch’ adductor muscles in brachiopods. Nature, 191: 1021. 
——— (in the press). Notes on the ecology of brachiopods in New Zealand. Trans. Roy. Soc. 
N.Z 


Scum, H. 1937. Zur Morphogenie der Rhynchonelliden. Senckenbergiana, 19 : 22-60. j 

THomson, J. A. 1927. Brachiopod morphology and genera (Recent and Tertiary). N.Z. 
Board Sci. & Art, Manual No. 7. sys . 

Wriuuams, A. 1953. The morphology and classification of the oldhaminid brachiopods. J. 
Washington Acad. Sct., 43: 279-287. 


616 J. S. DATTA MUNSHI: [J.L.S.Z. 


ON THE ACCESSORY RESPIRATORY ORGANS OF 
OPHICEPHALUS PUNCTATUS (BLOCH.) AND 
OPHICEPHALUS STRIATUS (BLOCH.)! 
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(Accepted for publication October 1961) 


(With 4 Plates and 1 text-figure and 1 Table) 


INTRODUCTION 


Ophicephalus punctatus and O. striatus, the ‘ snake-headed ’ fishes are found in the 
fresh waters in India. In the past they attracted the attention of many a naturalist 
or zoologist on account of their air-breathing habits. Most of them described their 
occurrence, habits and stressed upon their air-breathing habit. Day (1868), Dobson 
(1874), Das (1927) and Hora (1935) have studied the behaviour of the fishes when 
denied direct access to air. Descriptions of the structure of the accessory respiratory 
organs of these fishes are available to us from the works of Senna (1924), Das (1927), 
Bader (1937), Marlier (1938) and Berg (1947). However, little information is available 
to us from the existing literature on the following points :— 


(i) The gross and minute structure of the accessory respiratory organs, and 
more specially of its vascularization ; 
(ii) the muscles concerned in the breathing movements ; and 
(ili) the origin and derivation of the specialized structures, namely, the plate, 
_ nodules and the respiratory epithelium. 


MATERIAL AND MretuHops 


Live specimens of Ophicephalus punctatus and O. striatus were collected from the 
local tanks and kept for a short time in glass aquaria in the laboratory. Dissections 
were made of fresh and preserved specimens to discover the interrelationship of the 
accessory respiratory organs with the branchial arches, supra-branchial chamber and 
the branchial muscles in relation therewith, Transparent Alizarin Red S preparations 
of the accessory organs were also made to show the bony substance, if any, in them. 
Tissues were fixed in Zenker-acetic, alcoholic Bouin and several other well-known 
fixatives and sections were stained with Delafield’s haematoxylin or Mayer’s haemalum 
with eosin as a counter stain. Injections were made with Indian ink and gelatin in 
order to make out the vascularization of the respiratory membrane lining the supra- 
branchial chamber and covering the accessory respiratory plates and nodules. 
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Accessory Respiratory Organs of Ophicephalus punctatus (Bloch.) 
The accessory respiratory organs of O. punctatus comprise the following parts :— 


(1) The supra-branchial chamber, 
(2) the ‘ dendritic plate ’, and 
(3) the respiratory epithelium. 


(1) Supra-branchial Chamber 


In O. punctatus, the supra-branchial chamber develops dorsal to the gill-arches 
above the pharynx, and lateral to the prootic bone of the auditory capsule (Pl. 4, 
fig. 1). Dorsally, it is protected by the parietal and the pterotic bones. Posterolaterally 
the supra-branchial chamber extends into the opercular cavity. The supra-branchial 
chamber is incompletely divided into compartments or recesses by a shelf-like trans- 
verse outgrowth from the hyomandibula which projects into it (Pl. 4, fig. 5). The 
pharynx opens through an opening—the inhalant aperture into the anterior com- 
partment which is relatively smaller in size than the posterior compartment. There 
is no ‘ shutter ’ present to guard this opening (the inhalant aperture I). The anterior 
compartment communicates freely with the posterior compartment of the supra- 
branchial chamber. The posterior compartment is larger in size than the one des- 
cribed just now and extends backwardly as a deep recess. It also communicates 
with the pharynx through an opening which represents its inhalant aperture. This 
aperture is guarded by a ‘shutter’ or ‘ dendritic plate ’ borne by the first branchial 
arch (PI. 4, fig. 5). This dendritic plate is an outgrowth from the epibranchial bone 
of the first gill-arch. It is a disc-shaped structure nearly oval in outline which nearly 
serves to close the inhalant aperture on the contraction of the branchial chamber in 
expiratory movement. The dorsal part of the first gill-slit forms the exhalant aper- 
ture for the supra-branchial chamber (PI. 4, fig. 5). 

The wall of the posterior compartment (recess) of the supra-branchial chamber is 
contractile due to the presence of muscle fibres of the constrictor supra-branchialis 
(Pl. 4, fig. 1). A transverse section of the wall of the supra-branchial chamber of this 
region shows the position of the above mentioned muscle (PI. 1, fig. 5). The chamber 
is lined internally by a thick epithelial layer which is vascularized. The blood vessels 
lie in the loose connective tissue of the wall of the sac (Pl. 1, figs 5 and 6). The hind 
part of the supra-branchial chamber which projects into the opercular cavity is 
covered over externally by a thin layer of epithelium belonging to the opercular 
membrane (PI. 1, fig. 5). 


(2) The ‘Dendritic Plates’ 

In O. punctatus two transverse outgrowths called ‘dendritic plates’ occur in 
relation to the hyomandibula and the epibranchial of the first gill-arch (Pl. 4, figs 5 
and 7). The first one is a transverse plate, developed as an outgrowth from the 
hyomandibula. It has already been said that the plate is disposed in such a way as 
to partially divide the supra-branchial chamber into two compartments. The second 
plate is borne by the first gill-arch. Only three components, namely, the epi-, cerato- 
and the hypo-branchials are present in this arch and the first two bear the gill-filaments 
(Pl. 4, fig. 7). The epibranchial is ‘ V ’-shaped, the two limbs being at an angle of 45°. 
The limb which is co-axial with the cerato-branchial bears the gill-filaments, the 
vertical limb develops the ‘plate’. The efferent branchial vessel runs along this 
vertical axis, giving off small branches to the outgrowth of the plate and it ramifies 
over the walls of the supra-branchial chamber also. It has been said that this plate 
serves as the shutter for the inhalant aperture. =o 

The plate is supported internally by a broad piece of bone which is an outgrowth 
from the epibranchial. It lies embedded in the connective tissue matrix which is 
bounded externally by an epithelium (PI. 3, fig. 1).. The plate has got two surfaces, 
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the upper one which forms part of the floor of the supra-branchial chamber is vascu- 
larized and the lower one which is turned toward the pharynx is non-vascular (PI. 3, 
fig. 1). In fig. 1 of Pl. 3, it can be seen that the blood vessels are turned towards the 
upper side of the ‘ shutter ’ and the epithelium is also thick and vascularized. 
The vascular supply to the plates has been studied by means of Indian ink injection. 
In fig. 3 of Pl. 3, the ramification of the main vessels is apparent. Each vessel divides 
and subdivides several times into finer and yet more finer vessels which ramify in 
the epithelium covering the plates, even project outside the limiting surface of the 
epithelium in the form of papillary tufts which look like ‘ rosette ’ (Pl. 3, fig. 3). 


Col.subs. Pil. cl Vas. pap. 


Bld.crp 


Pil. cl 


Text-ric. 1.—Horizontal section of the vascular patch of the respiratory membrane of Ophice- 
phalus punctatus. The section is taken near the surface; the following are shown :— 
walls of capillaries (Cap.), vascular papillae (Vas. pap.), blood corpuscles (Bld. crp.), 
pilaster cells (P7l. cl.), connective tissue cells (Con. cl.), collagen fibrillae (Col. subs.) of the 
walls of the capillaries. 


(3) Respiratory Epithelium 

The respiratory epithelium covering the ‘plates’ and also lining the supra- 
branchial chamber consists of vascular, and non-vascular areas (equivalent to so-called 
‘islets’ and ‘lanes’ in Anabas, Trichogaster, Clarias and H eteropneustes). 

The vascular area of the epithelium is in the form of large and small vascular 
patches. These vascular patches come into sharp relief in the injected preparations 
(Pl. 3, fig. 4). In the posterior part of the supra-branchial chamber, the respiratory 
epithelium is thrown into folds (Pl. 1, fig. 6). Each such fold represents a vascular 
area. The non-vascular part is restricted to the small depressions between the con- 
tiguous folds. Each vascular area is studded with hundreds of vascular ‘ rosettes ’, 
each of which comprises of grouped papillae or vascular projections on the free 
border of the wall of the supra-branchial chamber (Pl. 3, figs 4 and 5). A transverse 
section of the epithelium, under suitable magnification, shows blood capillaries and 
erythrocytes jutting out of the surface of the epithelium (Pl. 1, fig. 6; and Pl. 2, 
fig. 1). In a horizontal section, scraping through the surface of a vascular patch 
aggregates of numerous papillae are visible in a honeycomb pattern (Pl. 2, figs 2 and 
3 and text-fig. 1). The ‘ cells’ of the honeycomb are formed of collagenous substance 
(text-fig. 1). The walls of the ‘ cells ’ even show endothelial cells. Most of the ‘ cells ’ 
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are partitioned by ‘pilaster cells’, each of which contains a slender nucleus and 
limited quantity of cytoplasm (PI. 2, fig. 3 and text-fig. 1). Blood corpuscles may 
also be seen within these ‘ honeycomb cells ’. 

The vascular papillae composing each ‘ rosette’ varies from 25 to 30 in number 
(Pl. 3, figs 5 and 6). The afferent and the efferent blood vessels which supply and 
collect blood from each rosette are situated somewhat at a deeper level. The afferent 
vessel divides into two short vessels which run along the sides of the rosette to supply 
blood to the papillae of two sides (Pl. 3, fig. 7). The efferent vessel which collects 
blood from them is always median in position (Pl. 3, fig. 7). The pattern of vascular 
supply to each ‘ rosette ’’ in Ophicephalus punctatus resembles closely to that of an 
‘islet ’ of the respiratory membrane of Anabas, Clarias and Heteropneustes. 

The non-vascular area of the epithelium is in the form of irregular ‘lanes’ be- 


tween the adjacent vascular zones. The epithelium is stratified and contains numerous 
mucous glands (Pl. 2, fig. 1). 


Branchial Muscles of Ophicephalus punctatus (Bloch.) 


A list of the branchial muscles, associated with the first four gill-arches in Ophicephalus 
punctatus is given in Table I. 

a. Constrictores branchiales—In O. punctatus, the constrictor branchialis of each 
gill-arch is represented only by the adductor muscles of the filaments, the abductor 
being absent. The muscle fibres of each adductor originate from the heads of two 
successive gill-rays (Pl. 1, figs 1 and 3) of the same hemibranch and join to form a 
single unit of muscle. The muscle thus formed runs obliquely to the filament of the 
opposite hemibranch and becomes inserted on its gill-ray. In so doing, the end part 
of the muscle partly encloses the primary afferent vessel. It is probable that the 
contraction of this muscle exerts pressure on the enclosed afferent vessel and thus 
helps in propelling blood through the thin channels of the secondary lamellae. Riess 
(1881), as quoted by Bijtel (1949), believes in the existence of such a mechanism of 
propulsion of the blood through the vessels of the gill filaments by a successive con- 
traction and relaxation of the adductor muscles. Bijtel (1949) has refuted the above 
idea and has shown that the adduction movements are of no importance for the circu- 
lation of blood through the branchial vessels, because these muscles have no rhyth- 
mical action as such and the adduction movements of the filaments are seen only in 
connection with ‘ coughing ’ movements. 

b. Levatores arcuum branchialium.—Only four levators are present in connection 
with the first and the fourth gill-arches. The second and third levators (i.e., dorsal 
parts of the branchial muscles of the second and the third arches) have probably be- 
come modified to form the constrictor supra-branchialis (Pl. 4, fig. 1). The muscle 
fibres of the constrictor supra-branchialis originate from the sphenotic bone and fan 
out over the saccular part of the supra-branchial chamber. The first levator is external 
in position and lies laterally over the supra-branchial chamber. Its muscle fibres 
originate from the sphenotic bone and are inserted on the dorsal part of the epi- 
branchial bone (PI. 4, fig. 1). This muscle moves the epibranchial bone along with the 
‘shutter’. The fourth external levator is well developed and originates from the 
posterior part of the auditory capsule. It is inserted on the tip of the epi-branchial 
of the fourth branchial arch (PI. 4, figs 2,3 and 6). The other two levators also originate 
from nearly the same part of the auditory region of the skull but are inserted on two 
points on the os-pharyngium which bears teeth (Pl. 4, figs 2 and 3). These two muscles 
are therefore chiefly concerned in mastication. 

c. Epiarcualia obliqui.—The epiarcualia obliqui of the third and the fourth 
branchial arches originate from the third and the fourth epibranchials and are in- 
serted on the os-pharyngium which represents fused third and fourth pharyngo- 
branchials (Pl. 4, figs 3 and 6). 
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d. Epvarcualia recti—Only one epiarcualis rectus is present connecting the second 
arch with the os-pharyngium. Its muscle fibres originate from the os-pharyngium 
and are inserted on the posterior margin of the second epibranchial (Pl. 4, fig. 2). 

_ ©. Attractores arcwum branchialiwum.—The attractores arcuum branchialium occur 
in relation with the second, third and fourth branchial arches. All are situated be- 
tween the epi- and cerato-branchials of the appropriate arches (PI. 4, figs 2, 3 and 6). 
The fourth attractor arcus branchialis is comparatively well developed (PI. 4, fig. 6). 

f. Subarcualia obliqui—The subarcualia obliqui are present in relation with the 
first two arches. Its muscle fibres originate from the ventral surfaces of the appro- 
as Ae eee and then fan out over the corresponding hypobranchials 

. 4, fig. 4). 

g. Subarcualia rectt.—The first subarcualis rectus originates from the ventral 
surface of the hypobranchial of the first arch and runs forward to become inserted 
on the ceratohyal in front (Pl. 4, fig. 4). The fourth rectus is a small muscle, connecting 
the ventral parts of the fourth arch with the third arch. 

h. Subarcualia transverst—The subarcualis transversus develops only in the case 
of the fourth gill-arch. It connects the ventral ends of the right and the left halves of 
the fourth arch and serves to constrict the floor of the pharynx (PI. 4, fig. 4). 


Mechanics of Muscle Action 


a. The opening and the closing of the mouth.—In O. punctatus, the mouth is opened 
by the contraction of the protractor hyoideus and the rectus cervicis (Munshi, 1960). 
The raising of the lower jaw and the closing of the mouth is accomplished by the 
action of the adductor mandibulae (Munshi, 1960). 

b. Expansion and contraction of the pharynx.—The levator arcus palatini is the 
main muscle responsible for the expansion of the pharynx (Munshi, 1960). The 
contraction of the pharynx is due to the co-ordinated action of the following 
muscles :— 

Intermandibularis anterior, adductor arcus palatini, adductor hyomandibularis, 
pharyngo-hyoideus, epiarcualia obliqui, epiarcualia recti, subarcualia obliqui and 
subarcualia transversi. 

c. The opening and the closing of the operculum.—The operculum is lifted up and 
dilated by the levator operculi and the dilator operculi, and the branchiostegal 
membrane is contracted by the action of hyohyoideus. The adductor operculi re- 
tracts the operculum and presses it over the body, thus closing the opercular opening. 

d. Contraction and expansion of the supra-branchial chamber.—The posterior part 
of the supra-branchial chamber is saccular and partly projects into the opercular 
chamber. The muscle fibres of the constrictor supra-branchialis fan out over the wall 
of the supra-branchial chamber and this muscle is, therefore, concerned in the con- 
traction and expansion of the supra-branchial chamber. The first levator muscle 
which is applied to the lateral surface of the wall of the supra-branchial chamber 
helps indirectly in contracting this chamber. 

e. Breathing mechanism.—The breathing mechanism in O. punctatus is akin to 
what obtains in other fishes. But the supra-branchial chamber of this fish does not 
seem to be a watertight compartment as in the case of Anabas scandens, Clarias 
batrachus and Heteropneustes fossilis because the first inhalant aperture, leading into 
the anterior compartment has no lid and remains open in free communication with 
the pharynx. But when the mouth is closed, the floor of the pharynx is somewhat 
raised against the roof and both the inhalant apertures become closed. 

The exhalation of air takes place by the sideways contraction of the pharynx and 
of the supra-branchial chamber by the co-ordinated action of the following muscles :— 
Adductor arcus palatini, adductor hyomandibularis, epiarcualia obliqui, subarcualis 
transversus, subarcualia recti, subarcualia obliqui and the first levator arcus bran- 
chialis and the constrictor supra-branchialis. At the same time the mouth is kept 
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closed by the action of the adductor mandibulae and the inhalant aperture No. 2 
is closed by the disc-shaped plate. In this way the greater part of the floor of the 
supra-branchial chamber is closed. The lifting of the operculum by the levator 
operculi and the dilator operculi results in the opening of the opercular slit. The air 
is expelled out via the exhalant slit into the opercular cavity and then to the exterior 
through the opercular opening. 

As a result of exhalation a partial vacuum is created inside the pharynx and the 
supra-branchial chamber. As soon as the mouth is opened and the pharynx is dilated 
the air rushes into the pharynx and thence into the supra-branchial cavity. 


Accessory Respiratory Organs of Ophicephalus striatus (Bloch.) 


The accessory respiratory organs of O. striatus closely resemble those of O. punctatus 
but the organs are more specialized and complicated on account of the presence of 
nodular structures on the surface of the ‘ respiratory plates ’ borne by the hyomandi- 
bula and the epibranchial of the first gill-arch. The parasphenoid bone also bears 
nodules on its lateral surface, which project freely into the first compartment of the 
supra-branchial chamber (PI. 4, fig. 11). 

Structure of a ‘ nodule ’—As seen in a longitudinal section (PI. 3, fig. 2), the bulk 
of the nodule is made up of connective tissue and the blood vessels traversing it tend 
to reach the surface. A stratified epithelium covers the surface of the nodule. In the 
connective tissue as well as in the epithelium, numerous acidophilic mast cells occur 
(Pl. 2, fig. 5). Goblet type of mucous glands and pear-shaped taste-buds are also 
present on the surface of the nodule. Each taste-bud is a unit of several long columnar 
cells with nuclei somewhat closely packed up together (PI. 2, fig. 6). The presence of 
taste-buds on the surface of the nodules indicate that its epithelium has been derived, 
at least partly, from the pharyngeal covering. The part of the supra-branchial cham- 
ber, where nodules are present in large numbers, is structurally capable of both aquatic 
and aerial respiration. Probably water enters into the first compartment of the supra- 
branchial chamber through the inhalant aperture in the pharynx, because it is not 
guarded by any shutter. 

The epithelium covering the nodules is extremely vascular (PI. 2, fig. 5) because 
the blood vessels from the sub-epithelial layer reach up to the surface where they 
form vascular papillae jutting out from the surface. 

The presence of the nodules on the plates and on the parasphenoid impart to them 
a dendritic appearance akin to that found in Clarias batrachus. Each nodule represents — 
a modified primary gill lamella whose epithelium is derived partly from the wall of 
the pharynx and partly from the branchial epithelium. The presence of the dendritic 
‘ plate’ and the ‘ nodules’ on the hyomandibula looks strange, at first sight, but it 
should be remembered that in elasmobranchs and other fishes the hyomandibula also 
develops a row of gill lamellae. Therefore, the hyomandibula is potentially capable 
of developing respiratory structures by modification. Such a condition is represented 
by O. striatus. 

Respiratory epithelium.—The epithelium lining the supra-branchial chamber, 
dendritic plates and the nodules is richly vascularized for respiration. The vascular- 
ized. epithelium extends into the anterior section of the roof of the pharynx (Pl. 4, 
fig. 11) ; hence buccal respiration probably also takes place. The epithelium covering 
the fore part of the pharynx and the hind part of the buccal cavity shows vascular 
patches (islets) (Pl. 4, fig. 11), each of which consists of hundreds of vascular papillae. 
In figs 4 and 5 of Pl. 2, the vascular papillae can be seen projecting out from the 
general surface of the epithelium. The structure of the papillae of the respiratory 
epithelium of O. striatus is identical with that described in the case of O. punctatus. 
The respiratory papillae which form the ‘ rosette’ are made up of pilaster cells and 
blood capillaries. A considerable number of acidophilic mast cells are present in the 
epithelium as well as in the sub-epithelial connective tissue (Pl. 2, fig. 4). Rauther 
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(1910), as quoted by Marlier (1937), also reported such cells in the respiratory epi- 
thelium of O. striatus. Marlier writes that, ‘ L’épithélium respiratoire est pluristra- 
tifié et assez épais, contentant de-ci de-la des cellules glandulaires acidophiles ’. 
But Rauther could not identify these cells as mast cells which also occur normally in 
the gill epithelium. 

Branchial muscles—The disposition of the branchial muscles in O. striatus is 
essentially similar to that found in O. punctatus. The constrictor branchialis of the 
first three arches are represented by strong adductor muscles only (Pl. 1, fig. 4), the 
abductors being absent. The gill lamellae of the fourth arch are poorly developed and 
as such the adductors have also atrophied. The first, second and the fourth levators 
run over the saccular part of the supra-branchial chamber and are all well developed 
(Pl. 4, fig. 8). A separate constrictor supra-branchialis is not present. The third and 
the fourth levators are inserted on two points on the os-pharyngium (which represents 
fused third and fourth pharyngobranchials) and are concerned mainly in mastication 
(Pl. 4, fig. 12). The other branchial muscles, such as the attractor arcus branchialis, 
epiarcualis obliquus, epiarcualis rectus, subarcualis obliquus and subarcualis rectus 
are also represented (PI. 4, figs 8, 10 and 12). 


Discussion 


With reference to the Ophicephalidae, Das (1927) writes as follows :—‘ The air- 
breathing organs of the “ snake-headed ”’ fish are not, as in other cases, developments 
of the opercular cavity, but pouches of the pharynx. The first indication of their 
development is a thickening of the pharyngeal epithelium on each side of the mid- 
dorsal line above the first gill arch. This thickening a little later becomes hollowed 
out so as to form a pocket, which is the first rudiment of the air-chamber. The 
capillaries soon invade the epithelial layer itself and give off loops which project as 
vascular papillae covered with thin epithelium into the lumen of the pocket.’ Several 
authors such as Carter & Beadle (1931), Marlier (1938) and others, share the views 
of Das in interpreting the supra-branchial chambers of Ophicephalidae as diverticula 
of the pharynx. The previous workers paid little attention to the structure and 
arrangement of the vascular papillae on the respiratory epithelium of the accessory 
organs of Ophicephalus and failed to understand the basic plan of the structures. The 
present work of the injection study of the respiratory epithelium along with its histo- 
logical studies revealed that the vascular papillae of the accessory respiratory organs 
have evolved from simple gill lamellae. 

Carter & Beadle (1931) believed that ‘ the accessory respiratory organs are chiefly 
organs of oxygen absorption ... the physiological need to which the fish has to 
respond is ... a need for more absorption of oxygen and not for a general increase 
in the respiration ’. They further write that ‘if a new organ mainly concerned with 
the absorption of oxygen can be evolved, and the gills retained for the excretion of 
carbon dioxide, the need will be satisfied ’. 

The presence of pilaster cells throws light on the possible derivation of the vascular 
papillae of the respiratory epithelium of the supra-branchial chamber and the plates 
from the gill lamellae. Each vascular ‘ patch ’ or ‘ zone’ structurally represents one 
primary gill lamella and each ‘ rosette ’ component several secondary gill lamellae. 

The afferent and the efferent vascular supply to each rosette resembles closely 
that of the ‘islets’ of Clarias, Heteropneustes, and Anabas and confirms the above 
statements. It has been shown that in Clarias and Heteropneustes the ‘ islets ’ are 
formed by the modifications of the gill lamellae. While the primary gill lamellae be- 
come shortened, abbreviated and fused to different degrees, the secondary lamellae 
diminish considerably in size and become closely packed up together. In Anabas 
and T'richogaster the lamellae have undergone modifications to a further extent. The 
secondary lamellae have become flattened out and the fusion between the primary 
lamellae have taken place more intimately, giving rise to various patterns. The 
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List of Abbreviations Used in Plates 
Acd. Mst. cl—Acidophilic mast cell. hypobr.—hypobranchial. 
Add. mus.—Adductor muscle. Inh. apr.—tInhalant aperture. 
Atr. are, br. and Attr. are. br.—Attractor arcus Ligm.—Ligament. ed 
branchialis. Lev. arc. br.—Levator arcus branchialis. 
Aff. ves.—Afferent vessel. Lab. org.—lLabyrinthine organ. 
Add. are. pal.—Adductor arcus palatini. Muc. gld.mMucous gland. 
Ant. rec.—Anterior recess. Non-vas. area—Non-vascular area. 
Bld. erp.—Blood corpuscle. Opr.—Operculum. 
Bny. lam.—Bony lamina. Oes.—Oesophagus. j 
Bid. ves.—Blood vessel. Os. phrg.—Os-pharyngium. 
basibr.—basibranchial. Pil. cl.—Pilaster cell. 
Con. tis.—Connective tissue. Prm. eff. ves—Primary efferent vessel. 
Const. sup. br.—Constrictor supra-branchialis. Psph.—Parasphenoid. 
Cerabr.—Ceratobranchial. ptery.—pterygoid. 
Epith.—Epithelium. Post. rec.—Posterior recess. f J 
Eff. ves —Efferent vessel. Rsp. Epith.—Respiratory epithelium. 
Epiare. oblg¢.—Epiarcualis obliquus. Subare. oblq.—Subarcualis obliquus. 
Epiarc. rect.—Epiarcualis rectus. Subarc. rect—Subarcualis rectus. 
eptbr.—epibranchial. Subarc. trans.—Subarcualis transversus. 
Exh. apr.—Exhalant aperture Sht.—Shutter. 
Gilry.— Gill-ray. Sup. chm.—Suprabranchial chamber. 
gl.— gill. Tst. bud—Taste-bud. 
gl. rkr.—gill-raker. vas. pap.—vascular papilla. 
hyomand.—hyomandibular. Vas. area—Vascular area. 
PLaTE 1 
Fic. 1.—Photomicrograph of a transverse section of the holobranch of a gill of Ophicephalus 


Fic. 


punctatus showing the adductor muscle, two heads of the gill-rays and the primary efferent 
vessel. x80. 


. 2.—Photomicrograph of a transverse section of a holobranch of O. punctatus showing the 


attractor arcus branchialis, branchial arch, post-trematic nerve, afferent and efferent 
branchial arteries and the ligament connecting the heads of the gill-rays of the opposite 
hemibranchs. x80. 


. 3.—Photomicrograph of a longitudinal horizontal section of a hemibranch of O. punctatus 


showing the origin of the adductor muscle fibres from the half heads of two consecutive 
gill-rays. x80. 


- 4.—Photomicrograph of a whole mount of the adductor muscles of O. striatus showing the 


origin and insertion of the muscle. x 40. 


. 5.—Photomicrograph of a transverse section of the wall of the supra-branchial chamber 


(part bulged out towards the opercular chamber) of Ophicephalus punctatus showing the 

inner layer of thick vascularized epithelium, outer layer of thin epithelium lining the oper- 
cular chamber, connective tissue, blood vessels and the constrictor supra-branchialis 
muscle. X70. 

6.—Photomicrograph of a transverse section of the wall of the supra-branchial chamber of 
O. punctatus showing the folds in the respiratory epithelium, projected vascular papillae, 
connective tissue, blood vessels and part of the constrictor supra-branchialis. x 80. 
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PLATE 2 


1.—Photomicrograph of a transverse section of the respiratory epithelium of Ophicephalus 
punctatus showing the thickened epithelium, surface capillaries, blood corpuscles, mucous 
glands and connective tissue. 440. 

2.—Photomicrograph of a horizontal section scraping the surface of the vascular patches of 
the lining membrane of O. punctatus showing the honeycombed arrangement of the surface 
capillaries. The honey-combed appearance on the surface is due to the presence of numerous 
capillaries right on the surface. 520. 


. 3.—An enlarged view of the above, showing the wall of the capillaries, blood corpuscles, 


pilaster cells and collagen fibrillae of the wall of the capillaries. x 1000. 


. 4.—Photomicrograph of a transverse section of the lining epithelium of the suprabranchial 


chamber of O. striatus, showing the vascular capillaries on the surface, mast cells and blood 
vessels. 480. 


. 5—Photomicrograph of a transverse section of the epithelium of the respiratory nodule of 


O. striatus showing the projecting capillaries, blood corpuscles, mast cells and the blood 
vessel. 480. 


. 6.—Photomicrograph of a transverse section of the epithelium of the respiratory nodule of 


O. striatus showing a taste-bud, mast cells and blood vessels. 460. 
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PLATE 3 


Fie. 1.—Photomicrograph of a transverse section of the respiratory plate (shutter) of Ophicephalus 
punctatus showing the bony lamina, the thick vascular eipthelium and the connective 
tissue. 40. 

Fic. 2.—Photomicrograph of a section passing through the longitudinal axis of a respiratory 
nodule of O. striatws showing the connective tissue medulla and the dot-like mast cells. 
x 40. 

Fie. 3.—Photomicrograph of a whole mount of a respiratory plate of O. punctatus injected with 
Indian ink showing its vascularization and the ‘ rosette ’ of papillae. x 40. 

Fie. 4.—Photomicrograph of a whole mount of the epithelium lining the supra-branchial chamber 
of O. punctatus, injected with Indian ink, showing the vascular patches (islet) and the non- 
vascular ‘lanes’. The vascular papillae are in the form of numerous ‘rosettes’. x 80. 

Fics 5 and 6.—Photomicrographs of an injected preparation showing clearly one of the 
‘rosettes’. 460. 

Fic. 7.—Photomicrograph of a few rosettes at a different level of focus showing their vasculariza- 
tion with afferent and efferent vessels. 460. 
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PLATE 4 


Fic. 1.—Lateral view of the respiratory membrane (dotted) covering the supra-branchial chamber 
of Ophicephalus punctatus as seen from outside and its relation with the constrictor supra- 
branchialis, the first levator arcus branchialis and the first gill-arch. x % Nat. size. 

Fia. 2.—Lateral view of the deeper parts of the branchial cavity of O. punctatus, after the removal 
of the first gill-arch, to show the branchial muscles associated with the second, third and 
the fourth gill-arches. x # Nat. size. 

Fra. 3.—Lateral view of the still deeper parts of the branchial cavity of O. punctatus, after the re- 
moval of the second gill-arch, to show the origin and insertion of the branchial muscles. 
x 2 Nat. size. 

Fic. 4.—The ventral branchial muscles of O. punctatus, their origin and insertion on the branchial 
arches as seen from the ventral side. 2 Nat. size. 

Fig. 5.—A view of O. punctatus dissected from the ventral side to show the inhalent and exhalant 
apertures of the supra-branchial chamber, shutter, gill-arches and the adductor arcus 
palatini. » Nat. size. 

Fic. 6.—Lateral view of the still deeper parts of the branchial cavity of O. punctatus, after the 
removal of the first three gill-arches, to show the branchial muscles associated with the 
fourth gill-arch. x3 Nat. size. 

Lateral view of the first gill-arch of O. punctatus showing its component parts and the 
‘shutter’. Nat. size. 

Fre. 8.—Lateral view of the posterior part of the supra-branchial chamber of Ophicephalus striatus 
showing the sac, levator muscles, labyrinthine organ and the gill-arches; also showing 
a part of the lining wall of the anterior section of the supra-branchial chamber (dotted). 
x4 Nat. size. 

Lateral view of the first gill-arch of O. striatus showing its component parts, the laby- 
rinthine organ, the primary gill lamellae and the gill-rakers. x4 Nat. size. 

Fic. 10.—Lateral view of the still deeper parts of the branchial cavity of O. striatus, after the 
removal of the first gill-arch, to show the branchial muscles associated with the second, 
third, and the fourth gill-arches. x4 Nat. size. 

Fie. 11.—A view of O. striatus dissected from the ventral side to show the anterior and the posterior 
recesses of the supra-branchial chamber, inhalent and exhalant apertures, transverse pro- 
cess of the hyomandibula bearing the nodular labyrinthine organ, ‘ shutter ’, gill-arches 
and the vascular ‘ islets ’ on the margin of the anterior recess and on the roof of the posterior 
section of the pharynx. x3 Nat. size. 

Fre. 12.—Lateral view of still more deeper part of the branchial cavity of O. striatus after the 
removal of the second gill-arch to show the origin and insertion of the branchial muscles 
x + Nat. size. 
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afferent and the efferent vascular supply to the ‘islets’ remain constant in all the 
above mentioned fishes and the presence of pilaster cells has revealed their true nature. 
In Ophicephalus it will be noted that a great degree of similarity and structural identity 
exist. But at the same time certain important points of difference will also become 
evident. The conclusion can justifiably be drawn that the condition in 0. punctatus 
represents further an advance degree of specialization, a few steps beyond those 
cognizable in Clarias or Heteropneustes or Anabas. 

In O. striatus the ‘ plates’ bear a large number of nodules which give them a 
dendritic appearance. Each nodule has been interpreted as a modified primary gill 
lamella. The groups of vascular papillae which form the characteristic ‘ rosettes ° 
represent groups of modified secondary lamellae. The presence of nodules on the 
hyomandibula may look strange, at first sight, but it should be remembered that the 
hyomandibula is potentially capable of developing the respiratory structures. 

If in Heteropneustes fossilis the lamellar material can migrate far behind the bran- 
chial region into the respiratory sac which extends up to the middle of the tail 
region, it is no wonder if they have migrated in Ophicephalus in a forward direction 
into the pharyngeal diverticulum, now the supra-branchial chamber. 

The branchial muscles have become modified in several ways in order to suit the 
change over from the aquatic to the aerial mode of respiration. The bucco-pharyngeal | 
region, more especially the supra-branchial chamber needs a well-developed muscular 
system to bring about the breathing movements, to inhale air through the bucco- 
pharyngeal passage, to circulate it in the supra-branchial chamber and finally to exhale 
it through the opercular opening. In O. striatus the first, second and the fourth 
levators are well developed and run over the saccular part of the supra-branchial 
chamber and are responsible for its contraction and expansion. In O. punctatus the 
second and third levators have modified into the constrictor supra-branchialis which 
fans out over the wall of the posterior part of the supra-branchial chamber. The 
epiarcual and the subarcual branchial muscles are well represented in both the species 
of Ophicephalus and they take their due share in breathing movements. 


SUMMARY 
(1) The accessory respiratory organs of O. punctatus consist of :— 


(1) The supra-branchial chamber, 
(2) the respiratory ‘ plates ’, and 
(3) the respiratory epithelium. 


In O. striatus the organs are more specialized with nodular structures on the surface 
of the respiratory plates of the hyomandibula and epibranchial of the first gill- 
arch. 

(2) The incomplete division of the supra-branchial chamber into an anterior and 
a posterior compartment, the action of the * shutter ” (dendritic plate), the manner 
of communication between the two compartments and the communication with the 
pharynx by means of an inhalant aperture are described. 

(3) The respiratory plates have a bony medulla, cortex of connective tissue and 
a richly vascularized epithelium. 

(4) The respiratory nodules consists of connective tissue covered externally by a 
stratified epithelium. Mucous glands and taste-buds occur on them. Each nodule 
represents a modified gill lamella and its covering epithelium is derived partly from 
the wall of the pharynx and partly from the branchial epithelium. ; Ae 

(5) The respiratory epithelium covering the ‘ plates ’ and ‘ nodules ’, and lining 
the supra-branchial chamber consists of vascular and non-vascular areas. Each 
vascular area is studded with ‘ rosettes ’ of papillae projecting from the epithelium. 

The non-vascular part of the epithelium is in the form of irregular ‘ lanes ’ be- 
tween the adjacent vascular areas. 
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The presence of pilaster cells and the pattern of the vascular supply to the 
‘rosette ’ show that the vascular papillae of the respiratory epithelium of the supra- 
branchial chamber, the nodules and the plates have been derived from the gill 
lamellae. Each vascular ‘ patch’ or ‘ zone’ structurally corresponds to one primary 
gill lamella and each ‘ rosette ’ to several secondary gill lamellae. 

(6) The branchial muscles have become modified in several ways in order to suit 
the changeover from the aquatic to the aerial mode of respiration. In O. striatus the 
first, second and the fourth levators are well developed, run over the saccular part of 
the supra-branchial chamber and are responsible for its bellowing action. In O. punc- 
tatus the second and third levators have modified into the constrictor supra-branchi- 
alis which fans out on the wall of the posterior part of the supra-branchial chamber. 
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INTRODUCTION 


Lizarps of the limbless family Pygopodidae are found only on the Australian main- 
land, in Tasmania, New Guinea and the neighbouring islands. 

Romer (1956) lists seven genera of pygopods, though he questions the validity of 
Aprasia Gray, 1838, and Ophioseps Du Bocage, 1873 (=Ophiopsiseps Boulenger, 
1885-87). Parker (1956) shows that Ophioseps and Aprasia are synonymous, thus 
reducing Romer’s list to six genera. Of these six genera of pygopods, only four have 
been available in recent years for study by investigators outside Australia. Even 
with these genera, the investigators have often had to content themselves with access 
to very few specimens. There have thus been many osteological points either — 
previously not commented on or requiring confirmation as far as even the commonest 
genera are concerned. 

For the present study, the availability in Australia of adults and juveniles of the 
four commonest genera, often with a dozen or more specimens which could be pre- 
pared as alizarin transparencies, has resulted in sufficient material being available 
for a comparative osteological survey. At the same time, one specimen of the rare 
genus Pletholax Cope, 1864, known only from a few specimens, was made available 
by the Western Australian Museum for preparation as an alizarin transparency and 
for comparative description. An opportunity is thus given to record certain details 
of the osteology of this genus for the first time. Only one genus of those recognized 
by Romer (1956), namely Ophidiocephalus Lucas & Frost, 1897, is omitted from this 
study. This genus is known only from the holotype, a unique specimen from 
Charlotte Waters, Central Australia. 

Paradelma nom. nov., a genus suggested by Kinghorn (1926) is not included in 
Romer’s list and there seems to be some reluctance about its acceptance. Originally, 
Fischer (1882) founded the genus Cryptodelma on a single specimen which he described 
and figured as Cryptodelma nigriceps. A second species described by Giinther (1876) 
as Delma orientalis was later transferred by Boulenger (1885-87) to the same genus, 
Cryptodelma. Kinghorn (1926) felt compelled to admit Fischer’s Cryptodelma 
nigriceps into the genus Pygopus in synonymy with P. schraderi, but with the lapse 
of the name Cryptodelma he placed the remaining species, C. orientalis, in a new 
genus, Paradelma nom. nov. 
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In his key to the genera, Kinghorn (1926) distinguishes between Pygopus and 
Paradelma by the relative proportions of the frontal and prefrontal and in the number 
of pre-anal pores (10-16 in the former, four in the latter), despite the fact that pre- 
anal pores occur only in these two and in no other pygopod genus. 

On the other hand, the genus Delma Gray, although lacking pre-anal pores, 
stands very close to Pygopus as compared with other pygopod genera. A comparison 
of the skull and girdles, for example, of Pygopus lepidopodus and Delma fraseri makes 
it hard to envisage a further genus between them, which would yet be comparable in 
distinctiveness to Lialis, Pletholax and Aprasia. 


MATERIAL AND METHODS 


The following species of the family Pygopodidae were prepared as alizarin trans- 
parencies and used for comparative skeletal study: — 


Aprasia pulchella Gray, 1839 

Delma fraseri Gray, 1831 

D. tincta De Vis, 1888 

Inalis burtonis Gray, 1834 

L. jicart Boulenger, 1903 

Pletholax gracilis Cope, 1864 

Pygopus lepidopodus (Lacépéde), 1804 
P. mgriceps (Fischer), 1882 


THE SKULL (Figs 1-5) 


At the generic level, there is a comparable degree of difference between the skulls of 
Pygopus, Lialis, Pletholax and Aprasia, but the skull of Delma (Fig. 2) is very much 
like that of Pygopus (Fig. 1), indeed so much so as to make its generic status question- 
able. 

The skull of Pygopus seems to be the least modified and except for general elonga- 
tion is rather comparable to the skull of a typical gecko. In the case of Lialis, 
elongation is most extreme, and occurs in both pre-optic and post-optic regions. 
This elongation becomes proportionally more marked with age. Young specimens 
of Inalis are distinguished more by the fact that the snout is rather sharply pointed, 
the general proportions otherwise being more or less comparable at this stage to those 
of the adult Pygopus. In Pletholax, there is elongation in the post-optic region 
comparable to that of Lxalis, but less in the pre-optic region because of the overlapping 
of some bones and the displacement of others. The most modified pygopod skull is 
that of Aprasia. Here, regional elongation has occurred post-optically and is very 
evident in such bones as the parietals, the adjacent temporal elements, and the 
parietal (anterior superior) processes of the prootics. However, there seems to have 
been a shortening in some of the ventral as compared with the dorsal bones at the 
front end of the skull. Thus the mouth is located in a more ventral position on the 
head, instead of being terminal. 

Of the dermal roofing bones, the parietals are paired in all pygopods examined, 
except in Lialis burtonis where they are indistinguishably fused. This is so even in 
beth juvenile specimens in which the occipital bones are not yet fused with one 
another. 

On the other hand, as in geckos, the frontals are indistinguishably fused, except 
in the one remarkable case of Pletholaw, where they are distinctly paired. As in 
geckos also, the frontals are rolled into a tube which to a greater or less extent in 
different genera surrounds the fore brain. Underwood (1957) states that in Delma 
frasert the frontal downgrowths surround and fuse beneath the fore brain and he 
figures this condition. Bellairs (1949) figures a similar fusion in Lialis burtonis. In 
Lnalis, such fusion is restricted to the more anterior part of the frontals. Underwood 


XLIV] COMPARATIVE MORPHOLOGY IN THE PYGOPODIDAE 629 


(1957) notes, however, that in Aprasia repens and Aprasia pulchella the frontal 
downgrowths do not meet but are embedded in dense connective tissue. 

The parietals themselves either bear flange-like downgrowths at the sides, as in 
Pygopus, Delma, Lialis and Pletholax, or are strongly curved at the sides, as in 
Aprasia, for the greater protection of the brain. Posteriorly, each parietal bears a 
supratemporal (parietal) process, which is well developed in Pygopus, Delma and 
Lnalis, being sharply pointed in the last genus, but which is smaller in Pletholax and 
in Aprasia. As in geckos, there is no parietal foramen. 


cor 


stn 
Fie. 1.—Skull of Pygopus lepidopodus, dorsal view. 

Abbreviations :—cor, coronoid; ept, epipterygoid; fr, frontal; 7, jugal; m, mandible; ma, 
maxilla; na, nasal; pa, parietal; pal, palatine; pmx, premaxilla; pof, postfrontal ; 
prf, prefrontal; pt, pterygoid; qg, quadrate; sa, surangular; stm, ‘ supratemporal’ ; 
tr, transpalatine.) 


The nasals are paired except in Aprasia where they are at least partly fused. In 
Aprasia too, the nasals are little separated in front by the prenasal process of the 
premaxillae. In Pygopus, Delma and Lialis, they are separated from one another by 
this process for about a quarter to a half of their length. An extreme condition is 
seen in Pletholax where the nasals are completely and widely separated from one 
another by the prenasal process of the premaxillae which extends back between 
them to meet the frontals. 

The premaxillae were fused in the pygopods examined and the only slight indica- 
tion of their separate origin was an occasional cleft in the end of the prenasal process 
of the premaxillae, as in Aprasia pulchella. Fusion of the premaxillae must occur at 
an early stage for this condition is already established in juvenile specimens. On 
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the other hand, the suture line between the fused premaxillae and the maxilla on each 
side is always very distinct in adults. > ; 

Teeth are borne in the upper jaw on the premaxillae and maxillae in all genera 
examined except in Aprasia. In this latter case, teeth are present in the lower jaw 
but in the upper jaw are invariably lacking from the maxillae, and only sometimes 
present on the premaxillae. Parker (1956) has drawn attention to the fact that in 
Aprasia the premaxillae are toothed in adult males of all species, but are completely 
edentulous in juveniles of all species and also in females, except in A. striolata where 
vestigal teeth may be present in females. 


pix 


na 


Fic. 2.—Skull of Delma fraseri, dorsal view. 
Abbreviations as in Fig. 1. 


There has been some confusion regarding the occurrence of a jugal in various 
pygopod genera. McDowell & Bogert (1954) state that the jugal is absent in geckos 
and pygopods (p. 92), though they illustrate a jugal in Pygopus lepidopodus, Lialis 
burtonis and Aprasia repens, but not in Delma fraseri, nor in ‘ Ophioseps nasutus ’, 
which is figured from Jensen (1901). McDowell & Bogert (1954) further indicate 
the existence of a jugal in Pygopus nigriceps by stating in the legend to a figure of 
this species that the jugal is omitted, and I am able to confirm that a jugal is present 
in Pygopus nigriceps. Jollie (1960), in a review of the head skeleton of the lizard, is 
presumably reiterating McDowell & Bogert in stating that the jugal is missing in 
some pygopods (Delma and Ophioseps). 

Parker (1956) states that it is virtually certain from an examination of the holo- 
type of Ophioseps nasutus Du Bocage that this species is the same one which Gray 
had previously named Aprasia pulchella. Parker not only determined that the type 
specimens of Aprasia Gray and Ophioseps Du Bocage are conspecific and that the two 
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names are thus strict synonyms, but furthermore identified as Aprasia stri 
striolata Liitken the immature specimens which Jensen had inisidentifed as Sees 
nasutus Du Bocage. Parker refers to errors in Jensen’s work in regard to the frontals 
prefrontals, postfrontals and ‘ squamosal’ (supratemporal), but makes no comment 
on the jugal, which is omitted from Jensen’s figures, but which presumably is present, 


cor 


Fic. 3.—Skull of Lialis burtonis, dorsal view. 


Abbreviations as in Fig. 1. 


as in all specimens of Aprasia pulchella Gray examined by Underwood (1957) and by 
myself. 

Underwood (1957), although noting the presence of a jugal in Pygopus lepidopodus 
and Aprasia pulchella, states that he was unable to find a jugal in Lialis burtonis. 
Underwood’s observations are correct and I am able to confirm that a jugal is lacking 
in Lialis burtonis, but he does not comment on the position in Delma fraseri. I find 
that the jugal is present in Delma fraseri, not absent, as the illustrations of McDowell 
& Bogert (1954) and the statement of Jollie (1960) would suggest. To sum up, the 
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jugal is present in all pygopods, as far as is known, except Lialis burtonis. There is 
no trace of a lacrimal. 

The prefrontals are large bones, each forming to a great extent the anterior wall 
of the orbit. In Aprasia pulchella and Pletholax gracilis, each prefrontal meets the 
frontal, nasal and maxilla of its side. In Pygopus lepidopodus, Delma fraseri and 
Lialis burtonis, however, an anterior process on each side from the frontal precludes 
the prefrontal from bordering the nasal for part of its length. Pletholax gracilis is 
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Fie. 4.—Skull of Aprasia pulchella, dorsal view. 
Abbreviations as in Fig. 1. 


remarkable in that each prefrontal i 1 
eee nee p tal is overlapped by the ascending flange of the 
The postfrontals are rather small bones, each shaped like an arrow-head, capping 
the fronto-parietal junction of its side. The postfrontals are perhaps best developed 
in Pletholax gracilis and least developed in Aprasia pulchella. Although imperforate 
in the examined specimens of both these genera, they were perforated in specimens of 
Pygopus lepidopodus, Delma fraseri and Lialis burtonis. In no pygopod, however, is 
the posterior arm of the postfrontal expanded into a broad plate in contact with the 
parietal as in Pachydactylus bibroni (Brock, 1932), Aristelliger lar (McDowell & Bogert 
1954), and certain Jamaican and Australian geckos (Stephenson, 1960). It is not 
known whether such a backward extension in these geckos is merely an expansion of 
the postfrontal or whether it is actually a postorbital fused with the postfrontal. If 
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the latter is the case, then the more typical arrow-head-shaped bone of geckos and 
pygopods might possibly represent a postfrontal and reduced postorbital in fused 
condition. 

fi As is typical also of Australian geckos, a single temporal bone is present at the 
side of each parietal in pygopods. It is closely applied to the parietal process, and 


pmx 


Fig. 5.—Skull of Pletholax gracilis, dorsal view. 
Abbreviations as in Fig. 1. 


from it is suspended the quadrate. As in many Australian geckos, too, this bone is 
turned out posteriorly to such an extent that it is boomerang-shaped. In those 
pygopods in which the parietal is elongated, the anterior arm of this adjoining bone 
is correspondingly lengthened. This single temporal bone of geckos and pygopods 
has mostly been identified as a supratemporal, but in recent years has been varyingly 
designated as a tabular (McDowell & Bogert, 1954), or a squamosal (Underwood, 
1957). Underwood examined two specimens, one an alizarin transparency of 
Aeluroscalabates felinus and the other a dried skeleton of Hemitheconyx caudicinctus, 
both in the British Museum collection. In these two specimens he noted a minute 
bone between the temporal bone and the parietal, and he identified this newly- 
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discovered element as a supratemporal (or tabular). The outer bone, which is the 
single temporal bone in most geckos, he therefore designates as a true squamosal. 
I have had opportunity of examining the two specimens in question at the British 
Museum (Natural History), and of observing these minute but discrete splinters of 
bone. No such elements have been observed in the pygopods or in the Australian 
and New Zealand geckos which I have examined, but Underwood’s findings are most 
important and may well be indicative of a more widespread condition. The recogni- 
tion of both a squamosal and a supratemporal (or tabular) in the temporal region of 
the skull has considerable bearing on the phylogenetic relationships of the Gekkota. 

In juvenile specimens of genera such as Pygopus, the sutures between the occipital 
bones are evident, and the basioccipital is distinct from the basisphenoid. In adult 
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Fic. 6.—Pectoral girdle of Pygopus lepidopodus. Fic. 7—Pectoral girdle of Delma fraseri. 
Abbreviations :—cf, coracoidal fenestra; cl, Abbreviations as in Fig. 6. 


clavicle ; csc, scapulo-coracoid ; epc, epi- 
coracoid; h, humerus; ssc, suprascapula; 
st, sternum.) 


pygopods, there is a strong tendency towards the fusion of the occipital and otic 
elements, so much so that in two species of Pygopus and in Aprasia repens McDowell 
& Bogert (1954) label this region of the skull as the oto-occipital complex. Similarly 
in adults, there is often only a trace of the earlier line of demarcation between the 
basioccipital and the basisphenoid. 

The pygopod ear has been studied in some detail in recent years. Certain features 
of the inner ear of Lialis burtonis, Pygopus lepidopodus, Delma frasert and Aprasia 
repens have been described by Shute & Bellairs (1953). Underwood (1957) has 
provided information on the middle ear of Pygopus, Delma, Lialis and Aprasia 
Previously, Parker (1956) had confirmed that there is no external auditory meatus, 
eae Cilia ee in Aprasia. It appears that with the exception of 

prasia, middle ear structures are reasonably well 1 
far investigated, including Pletholaz. : Moves Rea net DYE QOL enor 

The basisphenoid ends in front in a rostrum from which the trabecula communis 
extends forward. On each side of the rostrum there projects outwards and forwards 
from the basisphenoid a process which abuts against the pterygoid of its side. These 


ee eee processes are normally well developed, but are slightly reduced in 
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‘There is normally evidence of some ossification in the red-like trabecula communis 
which persists through embryonic to adult stages. An interorbital septum, extending 
up from this rod in the orbital region, is variable in its development in pygopods. 
It is often partially and rather irregularly ossified, particularly close to its dorsal 
border. Bellairs (1949) recommends Camp’s name ‘septosphenoid’ for septal 
ossifications in lizards. Further back, the side walls of the brain-case, which extend 
upwards and outwards from the level of the trabecula communis to the parietals, are 
largely membranous. 

The quadrate is a rather short but stout bone. In Pygopus lepidopodus, Delma 
frasert and Lnalis burtonis, it bears a characteristic conch, but it is narrower from side 
to side and lacks this feature in Aprasia pulchella and Pletholax gracilis. The lower 
jaw, articulating with the lower end of the quadrate, is comparable in its elements 
to that of the Australian geckos generally, although the coronoid is poorly developed 
in Jnalis and the splenial is very slight in Aprasia. Against the mesial side of the 
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Fic. 8.—Pectoral girdle of Lialis burtonis. Fic. 9.—Pectoral girdle of Pletholax gracilis. 
Abbreviations as in Fig. 6. Abbreviations as in Fig. 6; 7c, interclavicle. 


quadrate, and at a low level close to the region of jaw articulation, the posterior arm 
of the pterygoid also abuts. 

The pterygoid itself is always a strongly developed, Y-shaped bone. About 
half-way along the length of each pterygoid, an epiterygoid (columella cranii) extends 
upwards to the parietal (anterior superior) process of the prootic. In front, the 
inner fork of this Y-shaped bone meets the palatine of its side, while the outer fork 
is closely applied to the transpalatine (ectopterygoid). The transpalatine lies close 
to the maxilla, with a splint-like jugal between them. As in geckos, there is no 
lacrimal. 

In front of the palatines lie the vomers, and despite the fact that they are placed 
side by side in the middle line they are not fused in any of the Australian geckos and 
pygopods which have been examined. This is in accordance with the general condi- 
tion in the Gekkota. ‘There is furthermore no overlap between each vomer and the 
maxilla of its side, the palate of pygopods being palaeochoanate. 

Above each vomer lies a septomaxilla, roofing over the organ of Jacobson of its 
side. Each septomaxilla, being obscured from view because it lies inside the olfactory 
capsule, is best observed by the removal of the corresponding nasal, which lies above it. 

Associated by attachment to the skull is the hyobranchial apparatus, consisting 
of cartilaginous and partly calcified elements, except for ceratobranchial I which is 
bony. Despite the reduction that has occurred in the various pygopod genera in the 
pectoral elements a short distance behind them, the hyobranchial apparatus has 
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remained reasonably stable throughout the pygopod series. This apparatus is 
extremely arse in form, as has already been shown by Underwood (1957) in 
the case of three genera. A processus entoglossus, hyoid body, hyoid arch, and 
branchial arches I and II, are represented in Pygopus, Delma, Lialis, Pletholax and 
Aprasia. 


PECTORAL GIRDLE (Figs 6-9) 


Bellairs & Underwood (1951) note that although the presence of rudiments of the 
pelvic girdle and hind limbs among primitive snakes has long been recognized, the 
existence of a pectoral girdle in snakes has never been substantiated. It has there- 


Fic. 10.—Pelvic girdle of Pygopus lepidopodus. 
A, Adult. 
B, Juvenile. 


Abbreviations :—ep, epipubis; fe, femur ; ji, fibula; 7, ilium; ¢s, ischium ; of, obturator 
foramen ; p, pubis; ¢é, tibia. 


fore been of special interest to find in pygopod genera some of the successive stages by 
which e threduction of the pectoral girdle and fore limbs has been achieved in a family 
of lizards which has secondarily acquired a snake-like habit. 

In Aprasia, the pectoral girdle is far more reduced than in any of the other 
pygopod genera examined. Stokely (1947, Fig. 2) showed that in A. repens it con- 
sists of five rods joined together and arranged in the form of a letter ‘U’. The five 
pieces are of cartilage, bone, median cartilage, bone and cartilage, respectively. 
The median and lowest piece of the ‘U’ is of calcified cartilage, and Stokely believed 
that it represented a vestige of the sternum. In this interpretation he is followed by 
Parker (1956) and by Underwood (1957), who is inclined to agree that perhaps it is. 
Apart from this, there is no agreement on the interpretation by these authors of the 
remaining elements of the girdle. Stokely (1947) believed that the median sternum 
was followed by a bony scapulo-precoracoid and a cartilaginous suprascapula on each 
side. Parker (1956) interpreted these paired elements on each side as a bony cora- 
coid, tipped with a short length of cartilage which may represent a scapula. Under- 
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wood (1957) considers that the paired bones are probably united scapulo-coracoids 
but he does not comment on the distal paired cartilages. 

To the above, yet another interpretation may be added ; namely, that the median 
cartilaginous piece represents the clavicular symphysis, the bony pieces are the 
clavicles and the distal cartilages the suprascapulae. Stokely (1947) himself does 
consider the possibility of a remnant of the clavicles being represented in the reduced 
girdle of Aprasia repens, and he notes a statement by Camp (1923) that in the 
Anguinomorpha the clavicle seems to persist after all other pectoral elements have 
vanished. However, it is the median, ventral, cartilaginous piece which Stokely had 
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Fic. 11.—Pelvic girdle of Delma frasert. 
Abbreviations as in Fig. 10. 


under consideration as a clavicular remnant. In view of the difficulty presented by 
the general acceptance of clavicles as dermal bones, he discarded this possibility in 
favour of his interpretation of the median cartilage as a sternal remnant. 

In support of the new interpretation given above, it may be noted that it is not 
unusual for a cartilaginous symphysis to be elongated to form a rod. This actually 
happens in the case of the epipubis of the separated halves of the pelvic girdle of 
Aprasia (Fig. 14) and of other pygopods. The identification of the two bony rods 
of the pectoral girdle of Aprasia as clavicles is in keeping with the nature of these 
structures as membrane bones, each of which distally comes into contact with a 
cartilaginous suprascapula. Furthermore, in other pygopod genera the clavicles are 
well developed and firmly united at their cartilaginous symphysis in the middle line 
even in Pletholax where there is considerable reduction of the sternal and epicoracoid 
elements. 

Underwood (1957) concluded from the material available to him that Delma 
showed the most complete condition of the pectoral girdle. In illustrating his 
criterion, he figures a specimen of Delma fraseri with two ribs attached to one side 
of the sternum. Actually, this feature of rib attachment shows considerable individ- 
ual variation. In the specimen of Delma frasert illustrated here (Fig. 7), two ribs 
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join the sternum on one side and one on the other. Occasionally, ribs ve 
to join the sternum in Pygopus, and a single rib on one side is illustrated in oo 5 
Normally in Pygopus lepidopodus, if there are no complete ribs, there are at es a 
number of processes, commonly four, irregularly developed and extending back from 
the sternum. These represent ae portions of sternal ribs. In no case were 
mplete sternal ribs observed in Lialis burtonis. ; 

i if Pygopus, Delma and Lialis, the sternum itself is well developed. It is tae 
roughly triangular, cartilaginous plate, which is partly calcified though not fenes- 
trated. On the other hand, the sternum of Pletholax is much reduced although 
showing the same general characteristics as in the former three genera. 


Fic. 12.—Pelvic girdle of Lialis burtonis. 


A, Adult. 
B, Juvenile. 


Abbreviations as in Fig. 10. 


The epicoracoids of Pygopus, Delma, Lialis and Pletholaz are only partially 
calcified. They are fairly much expanded in Pygopus, Delma and Lialis, even 
overlapping in the middle line, the left ventrally to the right, in the former genus. 
There is a single coracoidal fenestra on each side in Pygopus and Delma but not in 
other genera. The epicoracoids of Pletholax by comparison with Pygopus, Delma 
and Lialis are much reduced. 

In Pygopus, Delma, Lialis and Pletholax the scapula and coracoid are presumably 
represented in bony fusion, forming a single element, the scapulo-coracoid, running 
parallel to the clavicle on each side. In no case does this bony structure bear a 
supracoracoid foramen. From the scapulo-coracoid in these four genera, a small, 
cartilaginous suprascapula extends upwards and outwards, expanding slightly in its 
terminal region. This suprascapula is partially calcified and against it abuts the 
bony clavicle of the same side. The clavicles themselves are neither perforated nor 
medially expanded. Their cartilaginous symphysis in the middle line is uncalcified 
in young specimens, but calcified with age. 

Close to the scapulo-coracoid in Pygopus, Delma and Lialis is a small, separate 
rod. This is a remnant of the humerus. Despite its small size, it is quite distinct, 
and it is the only part of the fore limb represented. 

In no pygopod has the presence of a bony interclavicle previously been described. 
It may therefore seem remarkable at first sight that part of the bony interclavicle 
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should persist and be identified for the first time in Pletholax gracilis, in which the 
pectoral girdle is relatively much reduced as compared with Pygopus, Delma and 
Tnalis, which show no trace of an interclavicle. Camp (1923) seems to imply as 
axiomatic that a structure like the interclavicle ‘ appears last in embryology and 
disappears first’. It is now known that there is much variation in the time at 
which structures first appear, in the rate at which they develop, and in the extent 
to which they develop. Such variations as that manifest in the unexpected appear- 
ance of an interclavicle in Pletholax gracilis provide a basis for morphological difference 
and hence speciations which is readily explicable in terms of heterochronism. 


f Imm ‘ Imm 
Fic. 13.—Pelvic girdle of Pletholax gracilis. Fie. 14.—Pelvic girdle of Aprasia pulchella. 
Abbreviations as in Fig. 10. Abbreviations as in Fig. 10. 


PEtvic GIRDLE AND Hinp Lips (Figs 10-14) 


There does not appear to be any appreciable sexual dimorphism in respect to the 
hind limbs as is implied for pygopods by Underwood (1957 : 226), or known to be the 
case in such forms as Dibamus, where apparently only the male has visible hind limb 
vestiges, and in those snakes in which the remains of hind limbs are recognizable 
externally and are larger in the male than in the female (Underwood, 1957 : 254). 
Thus, in Pygopus lepidopodus, which is commonly known as the * Scaly-foot ’, and in 
which hind limbs are better developed than in any other known pygopod, the hind 
limbs of the female are well developed and their supporting elements show no sign of 
reduction as compared with the male. A similar lack of sexual dimorphism in 
respect to the hind limbs, as also the pelvic girdle generally, was noted in Lvalis 
burtonis and Delma fraseri in which, as in the case of Pygopus lepidopodus, more than 
a dozen specimens were prepared for examination. Male specimens were readily 
identified among the alizarin transparencies by the presence of cloacal bones. 

The two halves of the pelvic girdle of pygopods are widely separated and the 
epipubic rods from each side, though elongated, do not meet. A pelvic symphysis is 
therefore lacking. 

The pubis, ischium and ilium are indistinguishably fused, except in Aprasia 
pulchella (Fig. 14), and in juvenile specimens such as those of Pygopus lepidopodus 
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(Fig. 108) and Lialis burtonis (Fig. 128). Of these three elements, the ilium in all 
cases is the least reduced. Distally, it bears a rather elongated cartilaginous process 
which is partly calcified. A similar distal cartilaginous process, though of slight 
extent, is also evident in geckos, and is illustrated for the reduced girdle of the * glass 
snake ’, Ophisaurus (Romer, Fig. 154, after Sewertzoff), and in certain other tetrapods 
(Goodrich, 1930). 

The pubis in all cases bears a small obturator foramen. From the anterior end 
of the pubis, there extends forwards and inwards an elongated, uncalcified epipubis. 

Of the three bones of the pelvic girdle, the ischium is the most reduced. Distally 
it bears a small cartilaginous process. 

The skeleton of the hind limbs shows stages of reduction in the various genera. 
It is best developed in Pygopus and Delma, more reduced in Lialis and Pletholaz, 
and most reduced in Aprasia. 

In Pygopus lepidopodus (Fig. 10), the femur is short and stout, distally articulating 
with the tibia and fibula, which are approximately of equal size. Two tarsal elements 
are presumed to be present. One is distinct and free, the other appears to be fused 
with the epiphysis of the third digit. There are four digits, each with a bony meta- 
tarsal and a distal, tapering, cartilaginous phalanx. A similar condition of the hind 
limb skeleton was observed in the one specimen of Pygopus nigrescens which was 
available for examination. 

The femur articulates with a separate tibia and fibula in Delma fraseri, and to 
this point Delma fraseri is comparable to Pygopus lepidopodus. However, normally 
only three digits are recognizable, and this was also the case in the one specimen of 
Delma tincta which was available for examination. In one specimen of Delma 
frasert (Fig. 11), a smaller fourth digit was present, but this was an exceptional case. 

In Lialis burtonis (Fig. 12), the skeleton of the hind limb is considerably reduced 
as compared with Pygopus and Delma. The femur articulates with a single bony 
rod, probably representing either a tibia or fibula, which is tipped with a small piece 
of cartilage. Lvalis jrcarz is similar to L. burtonis. 

The hind limb skeleton of Pletholax gracilis (Fig. 13) is reduced to a similar degree 
to that of Lialis burtonis. 

The greatest degree of reduction of the hind limb skeleton was observed in Aprasia 
pulchella (Fig. 14). All elements of the pelvic girdle found in other pygopod genera 
are clearly represented. On the other hand, the femur is the sole bony element of 
the hind limb present. Beyond it lie a few nodules of cartilage only. 


Discussion 


De Beer (1940) has discussed the various ways whereby progeny may differ ifi- 
cally from their ancestors through sifhoreniesd tn the ee ea ree of accion 
of certain of their structures. To these changes which affect the duration and speed 
of cell differentiation at various points in the body, the general term heterochrony has 
been applied. It is often convenient, however, to relate these changes either directly 
or indirectly to the general level of development at which an organism may be regarded 
as being reproductively mature enough to produce progeny. Thus the term neoteny 
has been used in a broad sense by various authors in discussing these general phe- 
nomena, although by more precise definition neoteny is merely one of some eight 
possible types of heterochrony as recognized by de Beer (1940). < 
A landmark in the study of the evolution of specific form was provided by D’Arc 
Thompson (1917), who by means of cartesian co-ordinates showed how changes in 
form which occurred phylogenetically could be related to one another. De Beer 
(1940) carried these findings a step further when he drew attention to. and sum- 
marized, the phenomena whereby such specific changes in form could be related to 
one another ontogenetically. These changes find their expression in the phenotype 
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however variable this may be, in embryo, juvenile or adult animal, or in individual, 
race or species. 

The significance of neoteny as an evolutionary process is becoming more and 
more apparent as the extent of this phenomenon is more widely realized. Following 
the classical example of the axolotl larva, neoteny has long been recognized as a 
phenomenon occurring amongst amphibia, but evidence for it amongst vertebrates 
generally has been slow to accumulate. Berrill (1955), in presenting a case for the 
origin of vertebrates from sessile ancestors via free-swimming larvae, has shown how 
fundamental evolutionary trends might be governed by neotenic processes. J. Z. 
Young (1957) has given publicity to the part neoteny is now known to have played 
in human evolution by referring to the saying ‘Man is a foetal ape’. By way of 
explanation, Young indicates that change in the relative rates of development of 
various endocrines has been held responsible for many evolutionary developments 
for example, those involving neoteny. 

Evidence of neotenic trends and their effects on speciation have been afforded by 
recent studies of species of the New Zealand anuran, Leiopelma (Elsie M. Stephenson, 
1960), of New Zealand geckos (N. G. & Elsie M. Stephenson, 1956), and of Australian 
geckos (N. G. Stephenson, 1960). Further examples of the influence of neoteny on 
speciation are provided by as yet unpublished research on the Australian Agamidae ~ 
(H. G. Cogger, Australian Museum). In all these studies, it has been shown that the 
critical periods of development which throw light on speciation in the groups con- 
cerned are late periods, often of what may be referred to as stages of juvenile or 
adolescent life. In many groups, such stages seem to have been little studied, if at 
all. This is regrettable, for in general it is the post-hatching changes of reptiles and 
the post-metamorphic changes of amphibians which may be expected to reveal 
evolutionary trends at the specific level which have been caused by neotenic time 
changes. 

a iacae New Zealand and Australian amphibians and reptiles there is much 
evidence of this type of speciation, which is sometimes referred to as neotenic specia- 
toon. With examples increasingly encountered, it is clear that neotenic speciation is 
a phenomenon which is far more widespread than has been previously thought. 
Furthermore, it may well account for certain cases of sympatric speciation and for 
the appearance of differing races and subspecies in localities where geographical 
barriers are not apparent and where selection pressure can hardly be invoked to 
account for morphological trends. If, as has been found, species A is a neotenic 
form of species B (which itself passes through a species A stage), both may occur 
sympatrically if selection pressure is not great enough to cause the replacement of 
species B. After all, the juveniles of species B may on the one hand be indistinguish- 
able from the adults of species A. On the other hand, they may be comparably 
adapted to their environment and to live in competition with adults of their own 
species. If this were not so, there would be little chance of them reaching the normal 
maturity of their own species. It is when the fully mature forms are less adapted to 
their environment than the juveniles which give rise to them that neotenic speciation 
occurs. 

Gross neotenic trends are themselves the product of smaller changes. These 
latter result from the varying rates of development of neighbouring structures, often 
histologically identical, in a particular organ, and from the particular level at which 
the development of these structures is finally arrested. B22 a 

Changes of this type give rise in the first instance to individual variation, but 
later, with discontinuity in their range, to subspecific and specific differences. Ulti- 
mately they give rise to generic distinctiveness. Of course, those changes which are 
visible externally and which have been used so extensively in taxonomy are but a 
small selection of the total and unfortunately do not necessarily give an adequate 
indication of general trends. In the pectoral girdle of pygopods, for example, the 
interclavicle of Pletholax apparently ossifies at a comparatively early stage. It is 
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therefore represented in the adult girdle of this genus, although neighbouring struc- 
tures such as the sternum and epicoracoids are poorly developed as compared with 
such structures in Pygopus, Delma and Lialis. In the adults of these latter three 
genera, the interclavicle does not appear at all, presumably because its rudiment does 
not ossify early enough. 

Of the factors which affect such changes, internal or external, direct or indirect, 
there is little enough information from any source let alone from pygopod studies. 
However, Parker (1956) has recorded variation in the presacral vertebral number in 
Aprasia. The three species examined by him had a combined range from Victoria, 
with a colder climate, to the tropical Monte Bello Islands. The meristic variation 
he observed was infra-specific, and appeared to be correlated with differing summer 
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temperatures. Such meristic variation, occurring within a species, is also known in 
certain groups of cold-blooded vertebrates, such as fishes (Taning, 1952; Lindsey, 
1954) and snakes (Wade Fox, 1948). In some cases it has been experimentally 
shown to be directly affected by the temperature prevailing during embryonic 
development. On the other hand, such features as the number of vertebrae are 
normally constant in the specific phenotype in other groups of cold-blooded verte- 
brates, and are apparently unaffected by varying physical factors of the develop- 
mental environment. 

Cases of variation in the time of appearance of structures as compared with 
neighbouring structures, and in their rate of development, are readily found amongst 
other Australian reptiles. For example, in two genera of Australian snakes recently 
investigated, (Stephenson, unpublished) precocious development of egg teeth as 
compared with other teeth was observed. In the same genera, the formation of the 
osteocranium was so advanced as compared with the chondrocranium that membrane 
bones were condensing while the rest of the head skeleton was very much in pro- 
cartilage. This situation is very different from that commonly prevailing in verte- 
brate development where typically a chondrocranium of well-formed cartilage is 
established before membrane-bone ossification begins. 

In general, the study of Australian lizards has emphasized the possibilities of - 
neotenic speciation within several groups. It has also emphasized the importance of 
studying the changes in juvenile or adolescent animals as an indication of these trends. 
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SUMMARY 


1. Apart from their elongation, the skulls of pygopods are gecko-like in general 
form and in the elements present. Cranial morphology supports the views of gecko- 
pygopod affinities which have been expressed by McDowell & Bogert (1954) and 
Underwood (1957). 

2. Of the various pygopod genera, the skull of Pygopus is the least modified, while 
that of Delma is very similar to it. 

3. The most extreme elongation of the pre-optic and post-optic regions of the skull 
occurs in dialis. In Aprasia, differential elongation of dorsal and ventral regions of 
the skull anteriorly results in the mouth being ventral instead of terminal. ' 

4. Pletholax is the only known genus amongst pygopods and Australian geckos in 
which the frontals are not fused, and is further characterized by the fact that certain 
bones of the head overlap. 

5. Lialis is unique among pygopods in lacking a jugal. 

6. Aprasia invariably lacks maxillary teeth. Furthermore, premaxillary teeth 
are lacking in juveniles of this genus, and also in adult females except those of 
A. striolata. 

7. As in Australian geckos, only a single splinter-like temporal bone may be 
recognized between the parietal and quadrate. on 

8. The hyobranchial apparatus is extremely gecko-like in form. ; 

9. The reduced, U-shaped pectoral girdle of Aprasia is re-interpreted. It is 
suggested that the elements present are the two cartilaginous suprascapulae, the two 
bony clavicles, and a median piece representing the clavicular symphysis. 

10. The pectoral girdle of Pletholax gracilis is unique amongst known pygopods 
and Australian geckos in the presence of a bony interclavicle. 
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11. The three elements of the pelvic girdle, namely the pubis, ischium and ilium, 
are invariably present. However, different pygopod genera show various stages of 
hind limb reduction, from Pygopus in which even four digits of the foot are present, 
to Aprasia, in which only one bone, the femur, is present in the hind limb rudiment. 

12. The morphological distinctiveness of various pygopod genera is discussed in 
terms of heterochrony. Differences between adult species and genera, though 
genetically based, are subsequently related to the time of embryonic appearance of 
certain structures as compared with neighbouring structures, and to their varying 
rates of development. 
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INTRODUCTION 


THE genus Ophryocotyle is one of the most interesting Cyclophyllidean genera on 
account of the wide morphological variation displayed by its few component species. 
Further, despite the paucity of species, the genus infests several different orders of 
its avian hosts. In this work, three species are redescribed :—Ophryocotyle proteus 
Friis, 1870, Ophryocotyle insignis Lénnberg, 1890 and Ophryocotyle zeylanica von 
Linstow, 1906 ; one new species is described :—Ophryocotyle prudhoei ; and two 
larval stages from intermediate hosts are described : — cysticercoids of Ophryocotyle 
insignis from Patella, and cysticercoids of Ophryocotyle proteus from Nereis diversicolor. 


Ophryocotyle proteus Friis, 1870 
Syn. O. lacazw Villot, 1875 
Hosts.—Limosa lapponica (Linn., 1758), Hrolia alpina (Linn., 1758), Tringa totanus 
(Linn., 1758). 

Locality.—Estuary of the River Eden, Fife, Scotland. 

Description.—Specimens were collected from three Bar-tailed Godwits (Limosa 
lapponica), three Dunlins (Hrolia alpina), and one Redshank (T'ringa totanus) in 
November and December of 1960. Heavy infestations were recorded in each case, 
the number of worms per bird varying from 120 in the Redshank to over 500 in one 
of the Godwits. 

Individual worms vary in size from about | mm. with eight proglottides, to about 
74 mm. with about 150 proglottides. The minimum size of worms showing mature 
proglottides is about 3-5 mm. and the maximum breadth of the strobila in a large 
worm is 0:62 mm. being less in smaller worms. In young and mature proglottides, 
the breadth is greater than the length, but in gravid proglottides the length approaches 
three times the breadth in a relaxed specimen. The gravid proglottides (Fig. 4) 
are highly muscular, being connected by a narrow strand of tissue, and in the living 
state are capable of independent movement if separated from the strobila. 

The scolex (Figs 1 and 2) is of variable shape, having a diameter of 150-325 yz and 
a length of 65-225 yw including the rostellum. The rostellum, of diameter 125-310 uw 


JOURN. LINN. 800.—ZOOLOGY, VOL. XLIv. 38 


646 MICHAEL D. B. BURT: [J.L.S.Z. 


and length 30-255 yz, bears about 800 hooks arranged in a double row with usually 
14 loops or waves (Fig. 3). In whole mounts, however, there appear to be only ten 
loops because of the arrangement of the musculature in what appears to be five lappets 
on each side of the rostellum. The hooks of the rostellum (Fig. 5) are of two sizes ; 
the larger, of length 6-7 jw, are anterior, while the smaller, of length 4-5-5-5 yw, lie 
slightly posteriorly. Along the posterior edge of the rostellum lies a well-defined 
band of minute spines with bases not more than 4 yw and heights of about 3. The 
four suckers, two ventral and two dorsal, face backwards slightly and have a diameter 
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Fies Saad teks aoe Fig. 1. Scolex of worm from Limosa lapponica. Fig. 2. Scolex 
of worm from Hrolia alpina. Fig. 3. Anterior view of scolex showing 1 
the rostellum. Fig. 4. Gravid proglottides. ie ee 


of 50-90 yw. Each sucker bears 60-85 flattened, recurved spines which are rose- 
thorn-shaped (Fig. 6), and which vary in length from 8 to 13 ft. They lie in a crescent 
round the middle of the sucker, the arms of the crescent being posterior, but not quite 
ee The length of the neck varies from 60 to 600 /4, and its breadth from 85 to 

b. 

The genital apertures are irregularly alternating and are situated laterallv just j 
the anterior third of the proglottis (Fig. 8). The genital ducts pass RAE: tonne 
longitudinal excretory vessels. The vagina opens into the genital atrium behind the 
opening of the cirrus-sac, and runs parallel to the cirrus-sac towards the centre of 
the proglottis. In the posterior half of the proglottis there are 7-17 testes which reach 
a maximum diameter of about 70 w~. The cirrus-sac, of length 45-90 w and diameter 
30-70 41, extends beyond the longitudinal excretory vessels. It contains a coiled 
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ductus ejaculatorius. The cirrus has a length of 70-90 yw and is covered on its distal 
portion with extremely minute spines. The vas deferens, lying in the most anterior 
part of the proglottis, is highly convoluted, and in the more mature proglottides, both 
it and the ductus ejaculatorius appear swollen with sperm. There is neither an 
external nor an internal seminal vesicle, but in some proglottides the swelling of the 
ductus ejaculatorius resembles an internal seminal vesicle. The ovary is bilobed and 
lies in the anterior third of the proglottis ; it extends laterally on each side as far as 
the longitudinal excretory vessels. Each lobe of the ovary has a length of 65-100 yu 
and a breadth of 20-80 ju, the two lobes being connected by a narrow isthmus. 
Immediately behind the ovary lies the vitelline gland, which reaches a maximum 
diameter of about 60 . It is ovoid to reniform and lies anteriorly to the testes in 
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Fies 5-7.—Ophryocotyle proteus. Fig. 5. Hooks of the rostellum. Fig. 6. Spines of the sucker. 
Fig. 7. Hooks of the onchosphere. 


the middle of the proglottis. The shell gland, of length 40 ~ and diameter 25 b, 
occupies a medial position and is dorsal to the isthmus connecting the lobes of the 
ovary. The receptaculum seminis, lying between the cirrus-sac and the ovary, attains 
a length of about 35 w and a diameter of about 20 ~. The uterus fills the whole of the 
gravid proglottis within the medulla, is sac-shaped and slightly lobed, and contains 
up to about 300 eggs. Hach onchosphere has a diameter of 35 yz, and the embryos 
within have a diameter of about 25 j, being surrounded by two thin membranes. 
The hooks of the onchosphere are of two sizes (Fig. 7), the lateral pairs having a length 
of 14-16 and the medial pair having a length of 18-5-20-5 4. In the cortex, there is 
a single layer of longitudinal muscles comprising 28-36 bundles, each bundle containing 
32-40 individual fibres. 


Discussion 

Anatomical differences were noted both between different infestations and between 
individuals of the same infestation. In one of the Godwits, the worms showed pro- 
nounced separation into two groups as regards strobila length :—from 2 to 28 mm. 
and from 50 to 74mm. All other features of the worms were identical, even as to the 
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site within the host, members of each size-group being found throughout the duodenum 
and the small intestine. The most probable explanation of this is that the larger 
worms represent an earlier infestation. 

Another interesting feature noted within a single infestation was the relatively 
wide variation in the number of testes, but although the total range was 7-17, in 
any one strobila the number was markedly constant. Thus, one strobila might have 
seven to nine testes, whereas another might have 15-17 testes, all the intermediates 
being recorded from separate individuals. The majority of worms, however, possessed 
eight to ten testes. 

The most striking variation between different infestations was seen in the shape of 
the rostellum (Figs 1 and 2). In the infestations from all the Dunlins, the rostellum 
is a much expanded structure, much larger than the scolex ; whereas in the specimens 
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Fie. 8.—Ophryocotyle proteus. Mature proglottis showing internal anatomy. 


from the Godwits and the Redshank, it was found in a more contracted state having 
a diameter less than that of the scolex. An explanation of this may lie in the fact 
that although all the birds were dissected within two hours of being shot, the Dunlins 
being considerably smaller than the Godwits, tended to decompose more rapidly. 
It is accordingly just possible that whereas the worms from the Godwits were still 
alive, those from the Dunlins were not and could not therefore undergo any contrac- 
tion in the fixative. 

The hooks of the rostellum were invariably seen to be arranged in loops on what 
appeared to be muscular lappets, which together form a muscular cap on the rostellum 
Although the line of hooks follows the line of the lappets in the case of the middle 
three, the two outer loops can often be seen to be subdivided into two smaller loops 
which thus gives rise to 14 loops in all (Fig. 3). In some of the worms, where ‘ne 
rostellum was in a high state of contraction, there in fact appeared to be onl 
three loops on each side, and this was probably the basis for Villot’s description of 
O. lacazii as a new species. However, after communication with Villot, Blanchard 
(1891) states that O. lacazii is synonymous with 0, proteus. The muscular cap referred 
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to above can often be seen most readily in badly-preserved material, where it appears 
to be the predominant feature of the rostellum. 

Although my material agrees in general with previous descriptions, there are a 
few points of difference, the main one being in the size of hooks of the rostellum. 
Hitherto the length of these hooks was given as 4 4, whereas in my material, it was 
clear that the hooks were of two different sizes, some of the larger ones reaching 7 
in length. This may be explained by the fact that all my measurements were made 
of hooks in cleared preparations, the scolices being mounted in Berlese Fluid and 
squashed sufficiently to isolate the hooks. Only those hooks which lay absolutely 
flat were measured and drawn, and it is an interesting point that measurements which 
were made from whole mounts in Canada Balsam agreed almost exactly with those 
of previous authors. The minute spines mentioned above, which lie round the posterior 
edge of the rostellum, although visible under the light microscope, were clearly 
seen only when viewed under the interference microscope using a monochromatic 
filter (wave length 571 my). The range in the size of the sucker spines was clear only 
in squash preparations mounted in Berlese Fluid, and again it was interesting to note 
that measurements made from whole mounts in Canada Balsam agreed very closely 
with those of Friis (1870) and Blanchard (1891). According to Linton (1927), the 
ovary is an oval structure, but in all my specimens without exception, they were - 
markedly bilobed, some tending to subdivide into smaller lobes. The largest worm 
hitherto recorded in this species had a length of 40 mm. (Linton, 1927), but several 
of my specimens had a length of 50-74 mm. 

Material of O. proteus was very kindly lent to me by Dr J. Mahon of Imperial 
College, London. Her material was taken from Limosa fedoa (Linn., 17 58) and comes 
from Imperial Beach, California. This is the first time that O. proteus has been 
recorded from the west coast of the United States, although Linton (1927) described 
it from the east coast. Dr Mahon’s material was found to agree in every respect with 
my specimens that came from Limosa lapponica (Linn., 1758). 


Ophryocotyle insignis Lonnberg, 1890 
Syn. O. alaskensis Webster, 1949 


Host.—Haematopus ostralegus Linn., 1758. 

Locality.—Estuary of the River Eden, Fife, Scotland. 

Description.—The following description is based on a single worm from the collec- 
tion of Dr E. M. Shelswell (now Mrs Bulford), and on several worms from the collection 
of Dr I. C. Williams, the University, Hull. Three scolices were mounted in Berlese 
Fluid, of which two were squash preparations. The strobilae were stained in hydro- 
chloric acid carmine with the exception of the first specimen, which was stained 
in acetic acid alum carmine, all being mounted in Canada Balsam. Both horizontal 
and transverse sections were cut from mature proglottides of the first specimen, 
which was larger and in better state of preservation than the others. The strobilae 
vary in length from 12 mm. up to 97 mm., the maximum breadth of the largest worm 
being 2mm. The proglottides, without exception, are broader than long. 

The scolex (Fig. 9) varies in size, reaching a diameter of about 230 4, the rostellum 
being slightly smaller. The hooks of the rostellum (Fig. 11) are arranged in a double 
row with 14 waves or loops (Fig. 10) and are of two sizes. The larger hooks have a 
length of 10-5-12 w and are anterior, while the smaller hooks have a length of 7-5-8-5 yu, 
lying slightly posteriorly to the larger hooks. There are four suckers on the scolex, 
two ventral and two dorsal, of diameter 56-80 ww, each bearing a crescent of flattened 
recurved spines which are rose-thorn-shaped (Fig. 12). These spines vary in length 
between 6 and 13. Round the posterior edge of the rostellum there is also present 
a narrow band of minute spines, not more than 2 in length, which could only be 
seen when the preparation was examined under an interference microscope using 
a monochromatic filter (wave-length 571 my). 
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The genital apertures are irregularly alternating and are situated laterally in the 
anterior third of the proglottis (Fig. 14). The genital ducts pass dorsally to the longi- 
tudinal excretory vessels. The vagina opens into the genital atrium posteriorly to 
the opening of the cirrus-sac and runs parallel to the cirrus-sac before entering the 
receptaculum seminis. 

There are 60-70 testes, which lie several deep in the posterior part of the pro- 
glottis but which extend dorsally throughout the length of the proglottis. Laterally, 
they extend as far as the longitudinal excretory vessels on each side. The testes are 
more or less round and reach a maximum diameter of about 70 w in mature pro- 
glottides, although they seem to expand rather more in gravid proglottides, reaching 
as much as 85-90 4 in diameter. In the contracted state, the cirrus-sac, of length 
80-85 yz, is almost round, having a diameter of about 75-80 yw. It runs dorso- 
ventrally in the proglottis, and contains a highly convoluted ductus ejaculatorius. 
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Fies 9-10.—Ophryocotyle insignis. Fig. 9. Scolex. Fig. 10. Anterior view of scolex showing loops 
of hooks on the rostellum. 


The cirrus is covered with minute spines and is often seen within the vagina, reaching 
almost as far as the receptaculum seminis. The vas deferens appears as a greatly 
swollen tube, full of sperm. 

The ovary is much lobed and fan-like. Lying ventrally, it extends as far as the 
longitudinal excretory vessels on each side and has a breadth of 560-620 b. It 
borders the vitelline gland on three sides and comprises about 24 lobes. The vitelline 
gland is highly lobular and has a total breadth of 250-300 # and a length of 110- 
150 #1. It lies in the centre of the proglottis in a ventral position. The shell gland, 
of diameter about 55 ju, is well defined, lying in the centre of the proglottis. The 
receptaculum seminis is relatively large, reaching about 100 yw in length by about 
50 # in diameter, and lies dorsally to the ovary and the vitelline gland. ; 

The uterus, filling that part of the proglottis between the excretory vessels, is 
sac-shaped and may contain over 500 eggs. The onchospheres have a diameter of 
40-45 4, while the contained embryos have a diameter of 22-28 ft. The hooks of the 
onchosphere (Fig. 13) are of two sizes:—the medial pair are larger, of length 18-5- 
19-5 4, while the lateral pairs are 15-16 b- 

The longitudinal muscles are arranged in two cortical layers, the inner layer being 
more strongly developed than the outer. There are about 30-40 inner bundles, 
50-85 4 in diameter, each having about 32-40 individual fibres per bundle. In the 
outer layer there are between 48 and 60 bundles, 20-34 /in diameter, each having only 
6-12 individual fibres per bundle, When examined, however, these two layers were 
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not very distinct and could only be made out with difficulty due to the compressed 
state of the material before sectioning. It would be unwise, accordingly, to lay too 
much emphasis on the fact that these figures differ from those of other workers on 
the same genus :—Fuhrmann (1909 4) and Mahon (1954). Both of these workers 
quote different figures, which are as follows:—Fuhrmann gives the diameter of the 
inner bundles as between 80 and 100 jz and the diameter of the outer ones as 28 4. The 
inner bundles contain 100-200 fibres, whereas the outer ones contain only 30-50 
fibres. Mahon, examining the same material, found 36 bundles in the inner layer with 
70 fibres in each bundle, and in the outer layer, she found 120 bundles, each contain- 
ing 30 individual fibres. I do not feel that these figures are of very great significance 
because the arrangement of the musculature tends to vary, within certain limits, 
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Fras 11-13.—Ophryocotyle insignis. Fig. 11. Hooks of the rostellum. Fig. 12. Spines of the sucker. 
Fig. 13. Hooks of the onchosphere. 
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throughout the length of any one strobila. Accordingly, differences are quite likely 
to be recorded even from the same worm. 


Discussion 


In general, the material that I examined agrees fairly closely with the descriptions 
of previous authors. With regard to the number of loops of hooks on the rostellum, 
however, I found in all my specimens that there were 14 such loops. Fuhrmann 
figures 28-30 in his drawing, and Mahon quotes 24-26 in her description of the same 
material, and it is not unlikely that if the rostellum were fixed in a highly contracted 
state, each of the loops present could show a further subdivision into two smaller 
loops, thus giving rise to up to 28 loops. This forming of two smaller loops from a 
larger one was in fact seen in some of the cysticercoids to be described later. Both 
Fuhrmann and Mahon examined the type material of Lonnberg. It would thus appear 
that the number of loops present is a function of the state of contraction of the ros- 
tellum. In all of the material that J examined, however, not only was there a con- 
stant number of main loops, 14, but these were seen to be arranged in the same way 
on each rostellum:—two groups of six loops, one group at each side, and two indi- 


652 MICHAEL D. B. BURT: [J UuSez 


vidual loops—the largest present—opposite each other in the centre one dorsal and 
one ventral (Fig. 10). 

Fuhrmann in his redescription of O. insignis from the type material quotes the 
size of the hooks of the rostellum as being 10 yw in length and not 4 /4, a8 previously 
described by Lénnberg (1890) and Blanchard (1891). Mahon, however, examining 
the type material, finds the length to be 7 w. The fact that there are two different 
sizes of hooks on the rostellum, the larger being 10-5-12 // in length and the smaller 
being 7-5-8-5 wu long, accounts for the differences recorded. 

The number of testes in each proglottis is definitely numerous and Fuhrmann 
(1909 a), in his description, estimates over 100 present. Mahon (1954), re-examining 
the same material, gives the maximum number as 40. Even in well-preserved 
material, it is difficult to count accurately the number of testes present, and the method 
that I adopted was to count from horizontal sections in series by using a camera 
lucida and drawing each section on tracing paper, thus building up a composite 


300) 


picture. As the testes lay up to five or six deep in the posterior part of the pro- 
glottis, it is evident that counting from whole mounts could often give a smaller 
number of testes than were actually present. It is not impossible, too, that worms 
may vary between individuals, and that this variation may be quite wide. It is 
interesting to note, moreover, that the testes are spread throughout the length of the 
proglottis, extending from the posterior margin right up to the anterior margin. 


So far, O. insignis has been recorded mainly from the Oyster-catcher (th S 
. 2 . . re di i 
ling also being a recorded host of this species), although ayer exist ae . Sete 
(1939) of O, insignis from Limosa lapponica, Through the courtesy of Mr S, Prudhoe 
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of the British Museum, I have been able to examine these worms and have found 
that they are identical with a worm in my own collection, also from Limosa lap- 
ponaca. In this work the specimens from the British Museum have been included 
in the description of a new species, for which I have selected the patronymic prudhoei 
in recognition of the courtesy and help that I have received from Mr 8. Prudhoe of 
the British Museum during the course of this work. 


Ophryocotyle zeylanica von Linstow, 1906 
Host.—Tockus gingalensis (Shaw). 
Locality —N. Province, Ceylon. 
Description.—The following description is based on material from the collection 
of D. R. R. Burt, who has very kindly allowed me to examine his specimens. One 
of the worms was unmounted and its scolex removed. The scolex was then mounted 
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Fras 156-16.—Ophryocotyle zeylanica. Fig. 15. Scolex. Fig. 16. Mature proglottis showing internal 
anatomy. 


in Berlese Fluid after careful washing in water, and the hooks of the rostellum, as 
well as the spines of the suckers, were measured and drawn from this preparation. 

The length of the strobila varies from 55 mm. to 197 mm., its maximum breadth 
being 0-7-0-84 mm. Without exception, the proglottides are broader than long in 
these specimens although von Linstow, in his description, states that the gravid 
proglottides are longer than broad. The dimensions of the scolex (Fig. 15) vary 
according to the size of the worm, ranging from 260 to 450 in diameter and from 200 
to 360 ys in length including the length of the rostellum. The rostellum is well deve- 
loped, with a diameter of 110-220 w and a length of 65-170 pu, and bears a double row of 
hooks arranged in ten loops or waves. There are between 500 and 800 hooks present 
on the rostellum, and these are of two distinct sizes (Fig. 17). The larger ones lie 
anteriorly and are 13-14:5 w long, whereas the smaller ones, lying slightly posteriorly, 
are 10-11-5 ~ long. The suckers are more or less round, and are armed with 400-500 
spines round the whole of their periphery, the spines being arranged in six or seven 
rows. The diameter of the suckers varies from 80 to 140 « depending on their state 
of contraction. The length of the spines varies between 5 and 14 w, and their shape 
is that of a rose-thorn, being flattened and recurved (Fig. 18). The neck varies in 
length between 490 and 780 and has a breadth of 210-250 yu. 
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The genital apertures are regularly alternating with a few exceptions, and in all 
the specimens examined, the degree of regular alternation remained constant between 
93 and 95 per cent. The genital ducts pass between the longitudinal excretory vessels 
(Fig. 16), and the vagina lies posteroventrally to the cirrus-sac. 

Eleven to eighteen ovoid testes lie in the extreme posterior portion of the pro- 
glottis, with diameters of 36-42 uw by 31-37 w. The vas deferens is coiled and leads 
into the cirrus-sac, where it immediately expands to form a well-developed seminal 
vesicle, 102-109 yu long by 51-58 yz in diameter. The cirrus-sac, 115-200 4 by 60- 
70 4, is very well developed with thick muscular walls, and it opens into a large 
genital atrium. When extruded, the cirrus has a length of nearly 200 w and is about 
35 in diameter at its base. It is well armed with spines which are larger at the base, 


Fies 17-19.—Ophryocotyle zeylanica. Fig. 17. Hooks of the rostellum. Fig. 18. Spines of the 
sucker. Fig. 19. Hooks of the onchosphere. 


and the distal portion of the cirrus can often be seen within the vagina and sometimes 
reaches almost as far as the receptaculum seminis. 

The ovary is large and lobed, extending as far as the ventral longitudinal excretory 
vessels on each side. It lies ventrally to the cirrus-sac and is anterior to the vitel- 
line gland and testes. The vitelline gland is slightly lobular and lies posteriorly 
and ventrally to the ovary, being anterior to the testes. The shell gland has a 
diameter of 23-26 yw, and lies in the centre of the proglottis, dorsally to the vitelline 
gland. The receptaculum seminis, 100-160 /e in length by 55-60 w in diameter, 
lies slightly to the poral side of the proglottis, posteriorly to the cirrus-sac. The 
vagina has its opening into the genital atrium ventral to that of the cirrus-sac, but it 
diverges slightly as it reaches the receptaculum seminis, where it is in a posteroventral 
position. 

At first, the uterus is sac-shaped, but in later, gravid proglottides, it becomes 
deeply lobed and still persists. The eggs show a fairly constant diameter of 37-38 Bs; 
the embryos completely filling the internal space. In the oldest gravid proglottides, 
several eggs are hatched, and the larvae, with projecting embryonic hooks, lie free 
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in the uterus. These liberated larvae have a length of 41-51 and breadth of 29-34 w. 
The hooks of the onchosphere (Fig. 19) are of two different sizes, the medial pair being 
larger, of length 19 yw, than the lateral pairs, of length 15-16 y. 

_There are two distinct layers of cortical longitudinal muscles, the inner layer 
being more strongly developed than the outer layer. In the inner layer there are 
36-42 large bundles, each containing 8-12 fibres ; whereas in the outer layer, there 
are 80-120 bundles, each containing only two to four individual fibres. 


Discussion 


An interesting feature of this species is that it is the only one in the genus to have 
regularly alternating genital apertures. Along with O. brasiliensis Mahon, 1957, 
it shows the arrangement of the genital ducts as lying between the excretory vessels, 
a further feature which tends to separate it from the other species in the genus. 
Although the material that I examined agrees closely with the descriptions of previous 
authors, there are a few differences. 

The sizes of the hooks of the rostellum have not hitherto been shown to fall into 
two groups, the complete range being 10-145 w. The number of testes has been 
given as 18 by von Linstow (1906) and Clausen (1915). In the material that I ex- 
amined, however, there was a variation from 11-18, the majority of worms having ~ 
about 15 testes. 

Clausen (1915) gives the size of the eggs as 10-12 w, and this has been quoted by 
later authors. Clausen, however, states that they were not yet ripe, which may 
account for the discrepancy between his measurements and mine. 


Ophryocotyle prudhoei sp. nov. 


Host.—Limosa lapponica (Linn., 1758). 

Locality.—Estuary of the River Eden, Fife, Scotland. 

Description —This is based on a single worm taken from the small intestine of a 
Bar-tailed Godwit, shot in November 1960, and on the four mounted specimens 
(Reg. No. 1938-8-8-46—70) in the British Museum (Natural History). The former 
is No. B 38(B) XI-1960 of my collection, presently in this Department and ultimately 
to be deposited in the British Museum (Natural History). These five specimens 
constitute the type-series. 

The strobila varies from 8 to 186 mm. in length, with a maximum breadth of 
1-1 mm. in the case of the largest worm. The longest strobila comprised 492 pro- 
glottides, of which all but the most gravid were broader than long. 

The scolex (Fig. 20), of diameter 480-520 w and length 400-650 ju, bears a broad 
rostellum which has a diameter of about 330-380 4. The shape of the rostellum varies 
considerably in the living worm, however, and was seen to be broader than the scolex at 
times. There are over 1000 hooks, 1160 having been counted in one specimen, and 
these are arranged in a double row in 14 waves or loops (Fig. 21). The hooks (Fig. 22) 
are of two sizes, the larger being anterior and having a length of 13-5-15 1, while 
the smaller hooks are slightly posterior with a length of 11-12:5 w. The scolex bears 
four round suckers, 140-270 yu in diameter, which lie two ventrally and two dorsally. 
These are armed with seven alternating rows of large recurved spines with broad 
basal plates. These spines vary in size between 20 and 35 y long, and their shape 
is generally that of a flattened rose-thorn (Fig. 24). The spines lie in a crescent round 
the middle of the sucker, the broad part being anterior and the horns almost meeting 
at the posterior edge. The number of rows of spines decreases from seven in the 
proad anterior region to one or two at the ends of the horns. The neck is short, 
of length 35-250 yu, depending on the size of the worm and the state of contraction. 

The genital apertures are irregularly alternating and lie in the anterior third of 
the proglottis, on the lateral border (Fig. 25). The genital ducts pass dorsally to the 
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longitudinal excretory vessels. The vagina is posterior to the cirrus-sac, and running 
parallel to it, opens into the genital atrium immediately behind the opening of the 
cirrus-sac. The length of the genital atrium varies considerably, but seems to 
depend largely on the state of contraction of the worm. Thus, highly contracted 
specimens have longer and narrower genital atria, whereas the specimens fixed in a 
relaxed state show shorter and wider tubes. 


200, 


Fies 20-21.—Ophryocotyle prudhoet sp. nov. Fig. 20. Scolex. Fig. 21. Anterior view of scolex 
showing loops of hooks on the rostellum. 
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Fias 22-23,—Ophryocotyle prudhoei sp. nov. Fig. 22. Hooks of the rostellum, Fig. 23, Hooks of 
the onchosphere, 
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There are 8-15 testes which reach a maximum diameter of about 85 and which 
occupy the posterior half of the proglottis, lying behind the female genitalia. The 
cirrus-sac, 210-300 yz long by 55-65 y in diameter, contains a convoluted ductus 
ejaculatorius. The cirrus is heavily spined, and in many mature proglottides can 
be seen within the vagina, stretching almost as far as the receptaculum seminis. 
There is neither an internal nor an external seminal vesicle although the vas deferens, 
which occupies the most anterior part of the proglottis as a coiled tube, becomes 


swollen with sperm in mature proglottides, and probably functions as a seminal 
vesicle. 
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Fre. 24.—Ophryocotyle prudhoei sp. nov. Spines of the sucker. 


The ovary is bilobed, each lobe having a breadth of about 80-130 # and a length 
of 55-75 4. +The two lobes are connected to each other by a narrow isthmus immedi- 
ately behind which lies the vitelline gland of breadth 60-70 w and length 45-55 w. 
To the poral side of the vitelline gland in the middle of the proglottis lies the shell 
gland, 20-24 w in diameter. The receptaculum seminis, 50-60 ju long and 25-35 yu 
in diameter, is well formed and has a wide tube connecting it to the shell gland. 

The uterus, sac-shaped and slightly lobed, persists in the gravid proglottides. 
The eggs are almost spherical and have a diameter of about 40 yw. The embryos, 
slightly smaller than the onchosphere (Fig. 23), are of two sizes ; the larger hooks, 
of length 25-27 1, are the medial pair, while the hooks of the lateral pair are slightly 

i length of 22-23 py. 
Ha ee eae layer of aout 46 large muscle bands in the cortex, each bundle 
containing 20-30 individual muscle fibres. 
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Discussion 

This worm is well set apart from the others of the genus by the large size of the 
spines of the suckers. In this species they may reach as much as 35 m in length, 
which is over twice the length of those of any hitherto recorded species, with the 
exception of O. herodiae, which has spines reaching as much as 21-6 w in length (Mahon, 
1954). Although there are several characters which are similar to those of O. 
herodiae, it can best be separated from that species by the sizes of the hooks of the 
rostellum, by the number of testes, and by the shape of the ovary. In O. prudhoer 
sp. nov., the size of the anterior row of hooks of the rostellum varies in length from 
13-5 to 15 yw, and those of the posterior row from 11 to 12-5 ~; whereas the range of 
lengths given by different authors for O. herodiae is 9-12-6 yw, viz., Fuhrmann (1909 b) 
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Fie. 25.—Ophryocotyle prudhoei sp. nov. Mature proglottis showing internal anatomy. 


—9 ; Mahon (1954)—10 yw of type material and 11-2-12-6 ~ of personal material; 
Baer (1959)—9 yw. In O. herodiae, there are recorded 25-50 testes, but in O. prudhoer 
the range is between 8 and 15. For O. herodiae the shape of the ovary has been given 
as digitate by Mahon (1954), but in O. prudhoei the ovary is distinctly bilobed. The 
absence of an internal seminal vesicle in O. prudhoei gives another clear-cut distinction 
between these two species, as there is a well-defined internal seminal vesicle in QO. 
herodiae. 

Although O. prudhoet infests the same host as does O. proteus, it can easily be 
distinguished from that species by its slightly more fleshy appearance, and by the 
great difference in the sizes of the hooks of the rostellum and of the spines of the 
suckers. The shape of the gravid proglottis in O. proteus is moreover a distinguishing 
feature of that species and is not easily confused with a gravid proglottis of 0. 
prudhoer. 

In general appearance, the fleshiness of O. prudhoei is similar to that found in 
O. insignis, but the difference in the internal anatomy of these two species is profound. 
O. insignis has a highly lobed ovary and a lobular vitelline gland, whereas O. prudhoei 
has a bilobed ovary and an ovoid vitelline gland. Furthermore, the testes in O. 
insignis number about five times as many as in O. prudhoei. Other differences can 
best be seen in the accompanying table. 
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LARVAL STAGES OF Ophryocotyle 
O. insignis eysticercoid from Patella vulgata 


Crewe (1951) has found in Patella spp. what he calls Cysticercoid D, which he indi- 
cates is probably a larva of Ophryocotyle Friis. Material of cysticercoids from Patella 
was present in the department of Natural History, the University of St Andrews 
and this, along with further collected material, was examined. 

Limpets were examined from two areas, St Andrews and Aberdeen. The material 
collected from St Andrews was taken from several different sites in different zones. 


ANS 
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Fias 26-29.—Ophryocotyle insignis cysticercoid from Patella. Fig. 26. Cysticercoid larva. Fig. 27. 
Hooks of the rostellum. Fig. 28. Spines of the sucker. Fig. 29. Hooks of the onchosphere. 


Representative collections of different sizes of limpets were examined from the upper 
tidal, middle tidal and lower tidal zones. Within any particular zone, such different 
sites as rock pools, exposed rock face, and hidden rock face were investigated. It 
was immediately obvious, on examination of the limpets, that those from the rock 
pools showed the highest percentage infestation with trematodes, almost every 
large one being parasitized. There were no cases of infestation with cysticercoids, 
however, and as Crewe had reported cysticercoids from limpets in Aberdeen, this 
area was accordingly investigated. Initially 676 individuals of Patella vulgata were 
examined from St Andrews, and later a further 241 were examined from the same area. 

Tn all, 997 limpets were examined from Aberdeen, these coming from two different 
regions :—Region A, just south of Cove Bay Harbour, and Region B, just north of 
Cove Bay Harbour. 

In Region A, there were no cysticercoids found and a very low infestation of 
trematodes (11 infested limpets out of 472 examined). As before, samples were 
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taken from different sites, and again it was apparent that the highest area of infesta- 
tion was the rock pool site, where 10 of the 11 parasitized limpets were found. 

Region B, on the other hand, showed a high percentage infestation with tremato- 
des and 10 limpets infested with cysticercoids. These cysticercoids were later identi- 
fied as larval stages of Ophryocotyle insignis. Five hundred and twenty-five Patella 
were examined, and of these, 52 were infested with trematode cercariae, seven with 
trematode metaceracariae, and ten with cysticercoids. The limpets were dissected 
out of their shells and examined under a dissecting microscope, particular attention 
being paid to the digestive gland, gut wall and gonads. Only one infestation of the 
ten was immediately apparent on removal of the shell, and in this the cysticercoids 
were seen to lie on the top of the digestive gland. This was the most heavily parasi- 
tized of all the limpets, there being 23 individual cysticercoids present. All the other 
infestations were only apparent after examination under the microscope. ; 

Specimens were observed in the living state and then fixed in 4 per cent formalin. 
The preparation of the cysts for further examination was carried out in two different 
ways. The first method was to slit the cyst wall, allowing the cysticercoid larva with 
accompanying caudal bladder to escape into the surrounding medium, in this case 
4 per cent formalin. These were washed, stained in hydrochloric acid carmine, 
dehydrated, cleared and mounted in Canada Balsam. The second method was to 
wash the larva and caudal bladder well in distilled water, and then mount directly into 
Berlese Fluid. This latter method renders transparent all the structures except the 
hooks which can thus be drawn and measured accurately. In order to get isolated 
hooks some cysts were severely squashed in Berlese Fluid. 


Description 


The complete cyst, figured by Crewe (1951), comprises a cysticercoid larva with 
associated caudal bladder and a surrounding double membrane, the cyst wall. In 
some of the more mature cysts, the caudal bladder is quite separate from the larva. 
The cysticercoid larva (Fig. 26), of length about 580 je and diameter about 430 yu, 
has an indentation at each end and contains a well-developed scolex bearing a rostel- 
lum. Lying on the rostellum is an undulating double row of hooks, arranged in 14 
waves or loops. The pattern of these loops is similar in all the specimens, comprising 
two groups of six loops at each end of the rostellum with the two largest individual 
loops opposite each other in the middle of each side. The breadth of the rostellum 
is about 170 jw, but this was seen to vary considerably in the living material. The 
hooks of the rostellum (Fig. 27) are of two different sizes; the larger, of length 9-5- 
11-5 j, are anterior, while the smaller, of length 7-5-8-5 y, are slightly posterior. Lying 
in the region between these hooks and the four suckers are several rows of minute 
spines, not more than about 2 in length and clearly visible only when viewed under 
an interference microscope using a monochromatic filter (wave-length 571 my). 
The suckers are 56-68 jz in diameter and lie two dorsally and two ventrally, each one 
being armed with a transverse band of spines along the anterior border. The spines 
vary in length between 7 and 13 yw, being flattened and recurved with a rose-thorn 
shape (Fig. 28). The caudal bladder has a length of 330-370 4 and a breadth of 250— 
270 “. More often than not, the hooks of the onchosphere (Fig. 29) are found on the 
surface of the caudal bladder. These hooks are of two sizes, the medial pair being 
larger, of length 17-5-19-5 #4, and the lateral pairs being smaller with lengths of 14— 
16 4. The diameter of the complete cyst, i.e., cysticercoid larva plus caudal bladder 
within the enclosing cyst wall, is 680 #. On the inner surface of the cyst wall there 
appear to be areas covered with minute spines, about 3 4 in length. 

The identification of this cysticercoid as O. insignis was made on the following 
grounds :—There is agreement in the sizes of the larger and smaller hooks of the rostel- 
lum, in the sizes of the spines of the sucker, in the number of loops of hooks on the 
rostellum and in their arrangement, and in the sizes of the hooks of the onchosphere. 
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This agreement is manifest in the following Table. 


O. insignis Cysticercoid 
adult from Patella 

Length of ant. hooks of rostellum ............... 10-5-12 w 9-5-11°5 ps 
Length of post. hooks of rostellum .............. 7-5-8-5 uu 7:5-8:°5 pw 
LLengthiof spines of suckers: sagen... 046 sen ome - 6-13 yu 7-13 wu 
Length of medial pair of hooks of the onchosphere 18-5-19°5 yu 17-5-19°5 yu 
Length of lateral pair of hooks of the onchosphere 15-16 a 14-16 pu 
Number of loops of hooks on the rostellum....... 14 14 


With no other known species of Ophryocotyle does such agreement obtain. 

In some of the cysticercoids examined the loops could be seen to have indenta- 
tions which tend to produce two smaller loops. This was most apparent in highly 
contracted specimens. Previous authors have given about double the number of 
loops that I have found:—Fuhrmann (1909 a) figures 28-30 loops in his drawing of 
the scolex of the adult of O. insignis, and Mahon (1954) quotes about 26 loops, having 
re-examined the type material. This discrepancy may be easily explained however, 
by this tendency on the part of the loops to subdivide. 

Final evidence for this identification comes from ecological studies. Oyster- 
catchers, the commonest host for O. insignis, feed extensively on the rocks. Further, 
specimens of Patella vulgata have been found in their gizzards (Drinnan, personal 
communication). Thus, there is present a direct link between the intermediate host 
and the final host. Several other molluscs were also found in the gizzards of the 
birds that I examined, including Mytilus, Littorina, Gibbula and the flesh of Solen 
marginatus. 

From the records of adult worms, the only other cysticercoids of Ophryocotyle 
likely to be present in this country are O. proteus and O. prudhoet. The cysticercoids 
of O. proteus have been found in this locality, but are much smaller (see later descrip- 
tion). Although no cysticercoids of O. prudhoei have been found, the lengths of the 
hooks of the onchosphere are much greater than those of O. insignis and would not 
allow for any confusion as to their identity. Thus even immature cysts of O. prudhoer 
could be distinguished from those of O. insignis and O. proteus. A good correlation 
is seen in the numbers of larvae present in the intermediate host and the numbers of 
adults found in the final host. Dr I. C. Williams, the University, Hull, tells me in a 
personal communication that in separate Oyster-catchers he found the following 
numbers of worms:—(a) 25 specimens, (6) 1 specimen, (c) 20 specimens, (d) 13 speci- 
mens, (e) 17 specimens. All the worms were found in the duodenum and small 
intestine. On comparing these figures with the numbers of cysticercoid larvae that 
I found in the ten infested limpets, a close correlation between the two is apparent: 
(a) 23 specimens, (b) 1 specimen, (c) 1 specimen, (d) 10 specimens, (¢) 7 specimens, 
(f) 1 specimen, (g) 6 specimens, (h) 2 specimens, (t) 6 specimens, (j) | specimen. 
The order of numbers present is certainly the same and much lower than the numbers 
of cysticercoids found in the intermediate host of O. proteus, over 50 being found in 


each host. 


Ophryocotyle proteus cysticercoid from Nereis diversicolor 


Cysticercoids identified as larvae of Ophryocotyle proteus have been found in two in- 
fested specimens of Nereis diversicolor. The first infested worm is from the collection 
of I. M. Sandeman of the Department of Natural History of this University, who has 
very kindly allowed me to use his material. In a personal communication Mr 
Sandeman tells me that this infestation represented one out of 60 worms examined 
from the mud-flats of the River Eden Estuary. Some 62 cysts were present in the 
middle of the posterior region, lying in the coelom and attached to the outer wall of 
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the gut. The whole section of the worm was mounted in Berlese Fluid, which by 
rendering the tissues transparent, allows the cysticercoids and their hooks to be seen 
more clearly. The second infestation was found in one of 234 worms examined from 
the same area. Unfortunately, the cysts of the second infestation were not fully 
developed, and the scolex, with accompanying suckers and rostellum, had not been 
formed. These cysts were identified as larvae of O. proteus because of their similarity 
to the cysts of the previous infestation. The size of the cyst was the same, the hooks 
of the onchosphere had the same length, and as both infestations occurred in the same 
host, it was reasonable to assume their identity. ' 

The specimens of Nereis diversicolor were collected from different places on the 
estuary, particular attention being paid to the banks of the small streams and drain- 
age channels in the mud. These latter places, without exception, were found to be 
the favourite haunts of the various wading birds, and often gulls were also seen in the 
same regions. As such, they constituted the most likely habitat for infested nereids. 


Fics 30-31.—Ophryocotyle proteus cysticercoid from Nereis diversicolor. Fig. 30. Cysticercoid 
larvae. Fig. 31. Arrangement of hooks on rostellum. 


A high percentage of infestation with trematodes was recorded among the worms from 
these regions, nearly all being infested with echinostome metacercariae. 

The best way to examine the material is to squash the nereids between two glass 
slides, and keeping them in this position with strong elastic bands, examine carefully 
under the low power of the microscope. The cysts, if present, show up as refractive 
spheres which can be distinguished from Nereis eggs which are non-refractile, and 
from trematode metacercariae, which have a thick, highly refractive cyst wall and 
which are larger than these cestode cysts. 

The size of the complete cyst (Fig. 30) when mature is about 140-170 yw in dia- 
meter, the larva inside being slightly oval, with a longitudinal diameter of 90-110 fe. 
The scolex bears four well-developed suckers, each armed with several rows of spines, 
which are flattened and recurved with a rose-thorn shape (Fig. 33). There is a broad 
rostellum bearing a double row of hooks arranged in 14 waves or loops (Fig. 31). 
The lengths of the hooks (Fig. 32) differ according to their position. In the anterior 
row, the hooks are longer, measuring 6-7 /t, whereas in the posterior row, situated 
slightly behind the anterior row, the hooks are 4:5—5-5 / long. 

The hooks of the onchosphere (Fig. 34), which are present in almost every cyst, 
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are of two lengths. The medial pair are larger, having a length of 18-20 4, while the 
two lateral pairs are 14-16 yw long. . 

_These cysticercoids were identified as larval stages of O. proteus on the following 
evidence:—In the adult, the lengths of the anterior and posterior rows of hooks 
respectively are 6-7 yw and 4-5-5-5 jw, while those of the cysticercoids are 6-7 j1 and 
4-5-5 w. The sizes of the spines of the sucker do not show such a close agreement, 
the adult having spines of length 8-13 w and the larva having spines of length 5—8 ju. 
It is conceivable, none the less, that the spines of the suckers in the cysticercoids are 
not yet fully developed and this could explain the discrepancy in sizes. The lengths 
of the hooks of the cyst are 18-20 yw and 14-16 jv, while those of the adult are 18-5— 
20-5 w and 14-16 pw. 

Further evidence is forthcoming, on ecological grounds, for the identification of 
this larva as O. proteus. The three host species of the adult worm were all shot on 
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Fies 32-34.—Ophryocotyle proteus cysticercoid from Nereis diversicolor. Fig. 32. Hooks of the 
rostellum. Fig. 33. Spines of the sucker. Fig. 34. Hooks of the onchosphere. 


the mud of the estuary, and in each case their gizzards were found to contain remains 
of nereids, which thus obviously constitute a major part of their diet. The nereids 
that were examined for cysticercoids were all taken from sites where these birds were 
seen to feed, and although only two infestations were found in about 300 specimens of 
Nereis diversicolor, there were estimated to be present about 50 worms per cubic foot 
of mud. Thus, although the percentage infestation of cysticercoids in Nereis is 
quite low, the total number of infested worms in the area is probably quite high. 

The small size of the hooks of the rostellum immediately suggests that this cysti- 
cercoid is neither O. insignis nor O. prudhoei, and furthermore, the sizes of the hooks 
of the onchosphere do not agree with those of 0. prudhoer. 

Once again a good correlation exists between the numbers of larvae present in 
the intermediate host, and the numbers of adults present in the final host. About 
60 cysts were found in the first infestation and 70-80 cysts were present in the second 
infestation. In the final hosts, heavy infestations of the adult worm were recorded 
in each case, ranging from 120 to over 500 individuals per bird. Thus, it would 
require only a few infested nereids to be eaten for the bird to be infested with the 
numbers of cestodes found, and as the total number of infested nereids is probably 
quite high, each bird is quite likely to become infested with a large number of adults. 
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OPHRYOCOTYLE Friis, 1870 


Diagnostic Characters of the Genus 

Ophryocotylinae with a broad rostellum, bearing a large number of hooks arranged 
in an undulating double row. The four round suckers are armed with spines." The 
sexual apertures are irregularly or regularly alternating. The uterus is sac-shaped 
and lobed—Parasites of birds. Type species :—Ophryocotyle proteus Friis, 1870. 

The genus was erected by Friis in 1870 to include a worm that he found in the 
following hosts:—Hrolia alpina (Tringa alpina), Charadrius hiaticula and Larus 
canus. Since the original description of Friis, there have been many records of this 
species from a wide range of hosts. Linton (1926), working in the U.S.A., recorded 
two gulls of the species Larus atricilla and one of the species L. argentatus infested 
with but a few specimens of O. proteus. Since that time, however, there have been 
no further descriptions of any Ophryocotyle from gulls. Other hosts recorded for 
O. proteus are Crocethia alba (Calidris arenaria, C. leucophaea), Limosa lapponica 
(imosa rufa), Erolia testacea (Ancylochilus subarquaticus, Erolia ferruginea), Limosa 
fedoa (Mahon, personal communication), Haematopus ostralegus (Williams, personal 
communication), Tinga totanus (personal), Hrolia maritima by Belopolskaya (1953). 

This species of Ophryocotyle is unique in the genus in its wide range of hosts. In 
contrast O. insignis Lonnberg, 1890, seems fairly restricted to Haematopus ostralegus, 
although records exist of its having been found in other waders. Ophryocotyle 
zeylanica von Linstow, 1906, has been described solely from Tockus gingalensis 
(Ocyceros gingalensis, Lophoceros gingalensis). Although a complete survey of the 
birds of Ceylon has been carried out, the Hornbill remains the only recorded host 
for O. zeylanica. A further point of interest in connection with the Hornbill is that 
this bird represents the only non-aquatic species which is infested with Ophryocotyle. 
Hagedashia hagedash and Lophotibis cristata are the only two recorded hosts for 
Ophryocotyle herodiae Fuhrmann, 1909, the first bird being recorded by Fuhrmann 
(1909 b), Mahon (1954) and Baer (1959); and the second species being the host for 
Ophryocotyle bucki Joyeux & Baer, 1939, which is a synonym for O. herodiae—Mahon 
(1954). 

Although the range of hosts of O. proteus appears to be very wide, infesting waders 
and gulls, the scarcity of records from gulls may narrow therange. The fact that there 
are so few records (of infested gulls) may be explained in either of the following two 
ways :—Firstly, it may be that the worm found in gulls is not identical with that found 
in waders, but is a different species. Secondly, from considerations of the nature of 
the intermediate host of O. proteus, it seems unlikely that gulls would be infested 
with this species. Thus, the few existing records may be explained by rare, ‘ acci- 
dental’ infestation of the gulls. Williams (personal communication) examined 15 
gulls of the following species:—Larus marinus, 1 specimen; L. argentatus, 8 speci- 
mens; L. canus, 2 specimens; Rissa tridactyla, 4 specimens. D. R. R. Burt (per- 
sonal communication) informs me that of over 100 gulls of several different species 
examined from the St Andrews area in the last 15 years, not one was found to be 
infested with Ophryocotyle. During the course of this work I examined 21 gulls— 
Larus argentatus, 8 specimens; L. canus, 2 specimens; L. ridibundus, 2 specimens; 
L. marinus, 1 specimen; L. fuscus, 1 specimen. Thus, of over 136 gulls from St 
Andrews, Wales and Aberdeen, none was found to be infested with Ophryocotyle. 
In view of the much higher percentage infestation recorded from the waders, it would 
seem reasonable to assume that the waders, rather than the gulls, are the normal host 
for O. proteus, although it is possible that rare infestation could occur in the gulls. 


* Wardle & McLeod (1952) give the diagnosis to include ‘ Suckers armed +... On anterior 
margins only. Genital apertures alternating irregularly.’ In O. zeylanica, however, the spines of 


the suckers form a complete circlet round the whole margin, and the genital apertures are regularly 
alternating. 
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Other Recorded Species in the Genus 


O. herodiae Fuhrmann, 1909 (Syn. O. bucki Joyeux & Baer, 1939) shows the 
characters of the genus and seems to bear a close affinity to O. zeylanica. Both species 
contain an internal seminal vesicle, and it may be that the arrangement of the genital 
ducts with relation to the excretory vessels is also the same for both species. In 
O. zeylanica, the genital ducts pass between the excretory vessels, but the arrange- 
ment in O. herodiae has not been described. 

Another species which bears affinity to O. zeylanica is Ophryocotyle brasiliensis 
Mahon, 1957, as this worm also has an internal seminal vesicle; furthermore, the 
genital ducts pass between the longitudinal excretory vessels. This description 
however, was made from one specimen lacking a scolex, and little further can be said 
until the species is more fully described. 

A description of Ophryocotyle turdina Cholodkovsky, 1912, appeared first in 
Russian in 1912 and was translated into French the following year. It represents the 
only species in the genus found in passerines. Lopez-Neyra (1936) erected a new 
genus Fernandezzia to contain his new species F'. goizwetat and O. turdina. This 
latter, he states, is a synonym of Davainea spinosissima von Linstow, 1893. The 
genus Fernandezzia is separated from the genus Ophryocotyle by the facts that in - 
the former genus the suckers are unarmed, and the uterus tends to form capsules. 
This tendency to form capsules appears to be related to the branches of the lobed 
uterus which become incompletely separated from the rest of the uterus and enclose 
two to six eggs. If capsules were actually formed in this way, they could be com- 
pared with the pseudo-capsules of hymenolepids described by Joyeux & Baer (1955) 
rather than with true davaineid capsules. There would appear to be little justifica- 
tion, however, for separating this genus from Ophryocotyle on either of the two stated 
characters. The extent of the armature of the suckers in Ophryocotyle varies con- 
siderably throughout the genus, from relatively few spines in O. insignis to a full 
complement in O. zeylanica, where the spines lie round the whole periphery of the 
sucker. Also, it should be borne in mind that specimens, even in a good state of 
preservation, are prone to lose their acetabular spines, evidence of this coming from 
my own specimens, where about 50 per cent have lost most, or all, of their spines. 
Throughout the genus Ophryocotyle, the uterus also shows a wide variation, from a 
slightly lobed structure in O. proteus, to one deeply lobed in O. zeylanica. Thus the 
two characters separating Fernandezzia from Ophryocotyle may readily be considered 
as specific rather than generic. 

Endrigkeit (1940) described a new species of Ophryocotyle from the Swan. This 
worm was given the name Ophryocotyle minutum. Found to be present in large 
numbers, it differed considerably from other species in the genus, due to the lack of 
internal segmentation and to the presence of brown-shelled eggs in the hind part of 
the worm. It had been placed in this genus on the characters of the rostellum, which 
structure ‘ bears a large number of very small hooklets’. From this description how- 
ever, it is obviously of the genus NV ematoparataenia Maplestone & Southwell, 1922. 

Another species from the Anseriformes has been described for this genus, 
Ophryocotyle tuberculata (Syn. Taenia tuberculata Krefft). Blanchard (1891) at the 
end of his description of O. insignis suggests that Taenia tuberculata Krefft is in fact 
an Ophryocotyle. Johnston (1912) redescribes Krefft’s material of 7’. tuberculata, 
and comes to the conclusion that this worm is Diploposthe laevis Bloch. The presence 
of only ten hooks on a delicate, eversible rostellum excludes this worm from the genus 
Ophryocotyle. ' . 

A further species of Ophryocotyle has been described from fish, O. bengalensis, 
but this is unlikely to be a true Ophryocotyle. 

One of the most interesting features of this genus as a whole is its wide range of 
infestation in so many natural orders of birds. The group most highly parasitized 
by this genus of cestodes is the Charadriiformes, which are infested by no less than 
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four different species. A further species is found in the Ardeiformes, freshwater 
birds; and O. zeylanica infests the Hornbill, a member of the Bucerotiformes. If 
the genus Fernandezzia falls into synonymy with Ophryocotyle, for which there are 
perhaps valid grounds, then the order Passeriformes appears as a further group 
parasitized by this genus. The Anseriformes are doubtful hosts, although, apart 
from O. minutum and O. tuberculata, there exists a record (of Ophryocotyle species in 
Merganser serrator) by Lonnberg, who stated that this worm was like 0. insignis. 

This wide range in the hosts can be seen also in the only two intermediate hosts 
known for the genus. The intermediate host of O. proteus belongs to the phylum 
Annelida, and that of O. insignis to the phylum Mollusca. 

A further point of interest in the genus Ophryocotyle is the considerable variation 
in the morphology of its component species. Several of these variations are often 
used to separate genera, and it is remarkable that such great differences are included 
in the one genus. Thus, there is an internal seminal vesicle in three species, but not 
in the others; the genital ducts pass between the longitudinal excretory vessels in 
two species instead of the usual arrangement where they lie dorsally to both vessels ; 
and finally, in one species the testes are arranged throughout the entire length of 
the proglottis, whereas in all the others, testes are restricted to the posterior half. 
These and other differences are best seen from the accompanying Table. 
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I. Inrropuction. THE AREA FISHED 
(a) Collection of Data 


Tuts study of the fishes of the British Guiana coastal shelf, on the Atlantic coast of 
South America between latitudes 6°-9° N. and longitudes 57°-60° W., was made 
primarily during the trawl survey carried out by the R/V Cape St Mary in these 
waters from April 1957-March 1959. It concerns therefore mainly the demersal 
species of fish. A reference collection of all the fish species caught has been deposited 
in the British Museum (Natural History), London, and the period March—October 
1960 was spent working on these collections in London. 

Off British Guiana the continental shelf averages about 80 miles wide out to the 
100 fathom line, and during this two year survey the R/V Cape St Mary explored 
this whole area, from about the eight fathoms line to the edge of the shelf, along the 
whole 230 mile long coastline, though most of the fishing was done in water less than 
40 fathoms deep. A summary dealing with the practical aspects of the results of 
this survey has already been published (Mitchell & McConnell, 1959), but this con- 
tained very little about the species of fish caught and their biology. This is the first 
comprehensive survey of this area ; previously the only trawling in the area comprised 
some experimental hauls, mostly in water shallower than that fished by the R/V 
Cape St Mary, made in July-August 1944 by Whiteleather and Brown (1945), 
and from the ketch Arthur Rogers in July 1948-March 1949 (Hepworth, 1949 ; 
Graham, 1949). 

There is as yet no checklist of the marine fishes of British Guiana, and this present 
paper attempts to help remedy this lack of knowledge of the fish of this large area, 
which links up the faunas of the West Indies and Brazil (Figure 1). For adjacent 

1 Present address: Dept. Zoology, British Museum (Natural History). Cromwell Road, 
London, 8.W.7, 
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the literature that is available is mainly in the form of check lists of species 
(escent 1948 a and b, 1952, 1953, 1956; Fowler, 1941 ; Meek & Hildebrand, 
1923-28 ; Schultz, 1944, 1949), without any notes on the natural history of the fishes. 
Brief field notes are given by Puyo (1949) for species found off French Guiana, and 
since this present paper was prepared, a paper by Durand (1961) has been published 
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Fie. 1.—Map of area fished by Cape St Mary trawl, 1957-1959. 


listing the invertebrates and fishes off French Guiana and their relation with depth 
and type of bottom. 

The fishes and the corresponding data on which this paper is based were collected : 

(1) on five cruises made with R/V Cape St M ary in March, April and September 
1958 and in February and March 1959. 

(2) from routine examinations of samples of fish from all trips made by the ship 
during the second year of survey (March 1958—March 1959). 

(3) by analyses of the records of catches kept by the Skipper, W. G. Mitchell, 
over the two year period April 1957-March 1959. It is a summary of the results of 
these records which has already been published, 
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During the two-year survey the R/V Cape St Mary made 35 cruises of 4-11 days 
duration, on which 1070 stations were fished, and the trawl was towed for a total of 
2246 fishing hours. Each station comprised one drag of the trawl, and generally 
five two-hour hauls were made each day. Nearly all the fishing was during daylight 
hours, as night fishing yielded little. The trawl used was a standard Peter Carey 
trawl, 72 ft on the headline, 92 ft on the groundropes, with cod ends of 24 in. mesh 
(Mitchell & McConnell, 1959). To ensure regular sampling in the different areas, the 
chart of the 230 mile long coastline of British Guiana was divided into seven equal 
and parallel-sided boxes, running out from the shore to the edge of the shelf (Figure 
1). During the two year period 4 separate surveys were made, each covering the 
whole area. 

Some of the species caught in the trawl were also caught by local fishing methods ; 
in the 2000 yard long pin seines set in an are on the tidal mudflats ; in the baglike 
Chinese seines staked in, and off, the river mouths ; on the hooked longlines (‘ cadells ’) 
set in shallow water and in the river estuaries ; or on the hooks used for snapper over 
hard ground in the deep water near the edge of the shelf (Allsopp, 1959). The fishes 
caught by these local gear have as yet only been considered briefly elsewhere (Lowe 
(McConnell) in press), but some catches were examined to see how many of the trawl- 
caught species were concerned, and to collect information about other stages in the 
life-histories of these species. Young stages of some of the trawl-caught species were 
also caught entering brackishwater swamps along the open coast at Onverwagt, 
where these species were then grown in brackishwater ponds (Allsopp, 1960). 


(b) Physical Characteristics of the Area 


The continental shelf off British Guiana slopes very gently to about 50 fathoms on 
average about 75 miles from the coast, then there are abrupt drops to the 100 fathom 
line on the edge of the shelf, from where the shelf falls away steeply to water over 1000 
fathoms deep. The bottom is, on the whole, of soft mud inshore, then progressively 
harder mud, sandy-mud, sand, and then becoming increasingly hard and calcareous 
and rough towards the edge of the shelf, where there are many old coral blocks which 
impede trawling (Nota, 1958 and data from R/V Cape St Mary echo soundings). 
These coral blocks evidently represent an old, ice age, shoreline reef (Nota, 1958). 
Shells are mixed in the sand and mud in certain areas. The areas of very soft mud 
inshore are by no means stable, being moved over the harder mud by the complicated 
interaction of tides and currents and water flowing from the many large rivers, 
particularly after the water has been well stirred by the strong northeast trade 
winds which prevail for much of the year (October-March) in this area. Offshore 
the Guiana Current flows in a northwesterly direction at from 1 to 4 knots ; the 
effect of this ocean current is felt outside the 25 fathom line (about 30 miles offshore) 
to the edge of the shelf (Mitchell & McConnell, 1959). Inshore of this the effect of 
the tides, profoundly modified by the strength and duration of the wind, may be felt 
out to about 30 miles offshore (Whiteleather & Brown, 1945). The tidal rise and 
fall is 3 metres at springs, 1-3 metres at neaps ; there are tidal mud flats almost all 
along the coast, in some places half a mile wide. 

Water movements along the coast are further complicated by the seasonal varia- 
tion in flow from the many large rivers entering the sea along the coast, of which the 
largest are the Courantyne River in the southeast, the Berbice, the Demerara (on 
which Georgetown is situated), the Essequibo, the Pomeroon, and the Waini River 
in the northwest, which lies just southeast of the many-mouthed Orinoco delta. These 
rivers also cause great variations in the salinity of the sea along the coast. The 
main rains are in May—August and the volume of freshwater entering the sea is 
probably greatest from about June-September ; these are also the calmest months 
during which the northeast trade wind is not blowing. These trade winds blow for 
much of the rest of the year, and are particularly strong in January—March, causing 
heavy swells in from the Atlantic at this time which stir up the mud along the coast, 
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From the air, zones of different coloured water, brown inshore, then green, then 
blue ocean water, are clearly seen running approximately parallel with the coast. In 
the wet seasons the brown water, clear brown from the rivers, and muddy brown where 
the mud had been disturbed by wind and water movements, extends further out to 
sea, and flotsum from the rivers often collects along the contacts between the zones. 
There are remarkably sharp, but shifting, interfaces between these zones of water, 
interfaces which fluctuate with the water movements, but on the whole the brown 
water tends to lie over the mud and sandy-mud bottoms. The green water (presum- 
ably enriched by salts brought down the rivers) may be over mud stretching out over 
sand, depending on the season, the amount of freshwater, the amount of mud being 
stirred up, tidal movements, and whether wind and currents are reinforcing one 
another’s effect to strip off and stir up the soft mud. The clear blue ocean water lies 
over the hard sand and coral bottoms. 

Whiteleather & Brown (1945) further divided the water types off British Guiana 
into: (1) clear brown water off the mouths of the larger rivers, estuarine water not 
yet mixed with coastal mud ; (2) muddy brown water up to 10 miles offshore, this 
fine mud kept constantly on the move by tides and wave action; (3) muddy green 
water; (4) clear green water, sometimes turbid; (5) continental blue or blueish 
green water ; (6) oceanic brilliant blue seawater. 

Thus the ever-shifting water zones do not correspond exactly with bottom type 
zones, but there is a general agreement. The way in which the water colour changes 
rapidly in one fixed spot was demonstrated dramatically while fishing in the north- 
west (Box VI) on 26 February 1959. The dhan buoy was anchored in 22 fathoms at 
8° 28’ N. 89° O1’ W. and was in light green water until 1300 hours, when a mass of 
brown water, separated from the green by a sharply defined interface, swept up on 
the tide and travelled on northeast past the dhan; the water around the dhan re- 
mained brown for a day and a half, then became green again during the night. 

Since the R/V Cape St Mary survey, shrimp trawlers have started to operate 
from British Guiana, but these are bringing in fish (as well as shrimps) mainly from 
waters off Surinam, immediately southeast of British Guiana, where, according to 
Highman (1959), the bottom is of a somewhat different nature. Although it is mud 
out to about 19 fathoms, beyond this is a shell ridge zone from 19-23 fathoms, then 
a hard trawlable bottom, of predominantly grey mud and fine shell, extending out 
to 40 fathoms, with fine ‘ moss-like Gorgonids, and deep blue water’. 

Thus the factors which may affect fish distribution on the continental shelf off 
British Guiana include (1) the type of bottom, (2) the distance from the coast, (3) 
the depth, (4) the clarity of the water- and the physical, chemical and planktonic 
conditions which affect this, and (5) the salinity of the water. 

Some of these environmental characteristics are summarised in Figure 2, in which 
the main fish fauna zones are also indicated. The Peter Carey trawl being a bottom 
fishing device is, of course, selective of demersal fish, and the distribution of these 
fish was found to depend on the type of bottom, rather than on the depth or position 
along the coast. However, a number of more pelagic species were also caught, 
which tended to keep to the clearer water and came and went with the type of water 
rather than with the type of bottom, large numbers being caught together with the 
demersal fish at certain times. 

Off British Guiana the distance from the coast is linked with the type of bottom, 
soft mud inshore becoming progressively hard and sandy offshore and increasingly 
calcareous approaching the old coral blocks at the edge of the shelf. So species 
found close inshore round coral islands in the West Indies are here only found forty 
miles or so out from the coast. On this gradually sloping shelf depth is also linked 
with distance from the coast and hence with the type of bottom, the shallow waters 
having soft bottom deposits, and the deep waters being over hard calcareous bottoms. 
There is, however, some variation in the depth/bottom type relationship, for the slope 
of the shelf is steeper in the northwest and here mud is found out to 50 fathoms, 
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whereas in the southeast the hard coral bottom is encountered in 20 fathoms, though 
at about the same distance (about 45 miles) from the coast. Clarity and colour 
of water is also somewhat linked with the distance from the coast, type of bottom and 
depth. The salinity must also increase with distance from the coast, and this factor 
evidently shows much seasonal variation, the clear brown water from the rivers 
pushing much further out to sea, carrying with it much tell-tale debris, during and 
after the heavy rains in June-September, whereas in very dry seasons brackish 
water may extend fifty miles or so up the rivers. 
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DIFFERENT TYPES OF BOTTOM(%) IN EACH BOX/DEPTH UNIT 


WV mH ul i 
NW POSITION ALONG COAST S.E 
KEY TO PRINCIPAL BOTTOM DEPOSITS 


Mud Mud & Sand Sand tH Coral 


Fic. 3.—Diagram to show the principal bottom deposits at different depths along the coast from 
Box VII (northwest) to Box I (southeast) (see map, Fig. 1). 
Figure in corner of each 5 or 10 fathom unit for each Box denotes mean catch of edible 
fish (in kilo per fishing hour) in this unit over the two-year trawl survey. 
(Note: distances not to scale as shelf slopes more steeply in northwest; to indicate 
this the line AB represents a line parallel to the coast about 45 miles offshore.) , 


A combination of these many linked factors must control the distribution of the 
different species of fish, and each environmental zone must be considered as a whole. 


Figure 3 indicates the types of bottom found at various depths in the different boxes 
from northwest to southeast. 


(c) Invertebrates Characteristic of the Area 


On the very soft mud, particularly in the northwest, grey five-armed starfish 
Astropecten marginatus (var.) were often brought up in thousands if the trawl dug 
into the soft mud. Polychaete worm tubes were also brought up from the mud, and 
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the polychaetes Hunice antennata (Savigny) 1818, and Onwphis magna (Andrews), 
1891 were collected. Odd Sipunculids (Sipunculus multisulcatus Fischer) also came 
up from the mud, and sea pansies Renilla reniformis (Pallas). On the harder sandy 
mud, the best trawling ground, basket stars Astrophyton muricatum (Link) were 
abundant, also five-armed and nine-armed starfish Luedia clathrata (Say) and L. 
alternata Say, and featherstars Tropiometra carinata (Lamarck). Large areas of 
multicoloured stringlike hydroids were found, mainly at the interface of mud and 
sand. Various penaeid shrimps were fairly common; species in the area included 
Penaeus aztecus Ives, P. schmitti Burkenroad, P. brasiliensis Latreille, P. setiferus 
(Linn.) and Xiphopenaeus kroyeri (Heller). Squilla empusa (Say) was also very com- 
mon in muddy and sandymud areas. Very few live molluscs were taken, but the 
squid Doryteuthis brasiliensis (Blainville) was sometimes caught from clearer waters. 

Few invertebrates were brought up from the pure sand, but in the deeper water 
the harder sand and coral bottoms yielded numerous large sponges, dead corals, 
seafans (gorgonids), seapens (pennatulids), and an associated fauna of Crustacea, 
including occasional squat lobsters Scyllarides aequinoctialis (Lund), spiny lobsters, 
and various species of highly coloured swimming and other crabs (including Portunus 
spinicarpus (Stimpson), P. spinimanus Latreille, Callinectes ornatus Ordway, Lupella 
forceps (Fabricius), Hepatus sp., Dromia erythropus (G. Edwards), and others). The 
boxcrabs Calappa flammea (Herbst) and C. sulcata (Rathbun) were also taken ; also 
various spider crabs. Various echinoids and ophiuroids were also caught in this zone 
(Mitchell & McConnell, 1959, appendix 3). 

The brown rhizostome jelly fish Stomolophus meleagris (L. Agassiz) was a common 
element in the trash in water less than 40 metres deep, in the brown water, and was 
caught at all times of year, though it varied in abundance ; these could be seen at 
the surface and at times appeared to be moving to the southeast against the currents. 

The invertebrates collected during the survey were very kindly identified at the 
British Museum (Natural History) and remain in their collections. Most of the in- 
vertebrates figured by Durand (1961) from French Guiana were occasionally seen off 
British Guiana. 


(d) Fish Fauna zones 


The fish faunas can best be considered separately from the four zones indicated 
in Figure 2, namely : 

Zone I, the ‘ brown fish ’ zone, inshore of the ten fathom line over very soft mud ; 
this was inshore of the R/V Cape St Mary’s fishing area and has as yet been little 
studied. Here live species which rarely move out into the area fished by the Cape 
St Mary, together with the young and adults of some of the species caught in the 
trawl. The zone I fishes are known from local gear, pinseines, Chinese seines and 
longlines, and from the Ketch Arthur Rogers trawl which was at times fished in water 
5-10 fathoms deep. ‘The sea is here much diluted with river water and subject to 
great changes in salinity, and tides and winds keep the mud in constant suspension 
except just off the river mouths where the water may be clear if much freshwater is 
coming down to sea. Numerous species of catfish (nematognaths), rays, sciaenids and 
fish such as toadfishes (Batrachoididae) abound. Many of the fish are brown in 
colour and very soft-bodied. 

Zone II comprised the ‘golden fish ’ community of demersal fish found over mud 
and sandy-mud bottoms, mainly in the brown water. Owing to the nature of the 
bottom this zone extended out to about 20 fathoms in the southeast but to about 30 
fathoms in the northwest. This was the most inshore zone fished by the R/V Cape 
St Mary, and yielded most fish, so it was studied more comprehensively than the 
other zones. Sciaenids predominated in this zone making up over 75 per cent of the 
catch (by weight), and various species of catfish, carangids and grunts were abundant. 
Many of the species in this zone had a golden colour, and, probably in association 
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with the muddy opaque water, many of the species produced loud noises, croaking and 
grunting loudly as the catch was landed on deck. Many of these species are also 
found in the estuaries of the rivers, particularly in the rainy seasons. 

Zone ITI, the ‘ silver fish ’ community of the greener water, over sandy-mud and 
sand bottoms contained more pelagic fish, many probably caught in the trawl as it 
was shot or hauled. Carangids predominated, and spanish mackerel, barracuda, 
pomfret and herrings were abundant at times. The presence of these fish appeared 
to depend more on the water type than the type of bottom, and they tended to be 
found closer inshore when the clearer greener water came further inshore, and were 
then caught with the sciaenids (in zone II) ; but they were also particularly abundant 
in 20-40 fathoms, for example in Boxes IV and V (see Figure 1). The pure sand 
bottoms were almost barren of bottom-dwelling fish, though sandy-mud in these 
clearer waters carried some lizard fish, grunts and flatfish. 

Zone IV comprised the ‘ red fish ’ community over hard coral and sand bottoms 
in deeper water (over 30-40 fathoms in Box III, and over 20 fathoms in Box I in the 
southeast.) Various species of pink and red snapper were caught here, mainly small 
species, and the highly coloured fish characteristic of coral areas. The coral was, 
however, dead at this depth. The majority of the species caught in this zone were 
bright red, many with spiny excrescences. 

The species present in each zone are considered in a later section. 


II. Fisu Specres Caucut 
(a) Species and Abundance of Trawl-caught Fish 


The species of fish found in these four main zones are listed in Appendix I. This 
Appendix shows that some 72 families were represented in the area (64 in the trawl 
catches), by about 213 species of fish (about 190 in the trawl). The families with the 
most numerous species were the Sciaenidae (about 21 species), Carangidae (about 14 
species), the nematognaths (about 12 species”), Pomadasyidae (about 13 species) 
and Lutjanidae (about 7 species). The sciaenids were predominant, both in numbers 
of species and in abundance of individuals, in zone II ; the carangids and pomadasyids 
in zone III, where the former lived a pelagic life and the latter on the bottom ; the 
lutjanids predominated offshore in zone IV over the hard calcareous bottoms. 

The families next most rich in species were the requiem sharks Carcharhinidae 
(about 10 species) which tended to haunt the tidal contours between the brown and 
green water. Serranids were represented by about eight species, mostly in the offshore 
zones. Of the families represented by five or six species in the trawl, the Ariidae 
catfish were characteristically inshore and estuarine fish, and numerous other species 
of catfish were caught further inshore and in the estuaries by the local fishing methods 
(Lowe (McConnell), in press). The chaetodontids (five species) and monacanthids 
(five species) were only present in the most offshore zone IV; the tetraodontids 
(about four species) and ogcocephalids (three or four species) were represented by 
different species in the different zones. 

Abundance.— he trawl catch was far and away greatest in zone Il where the 
sciaenids predominated (Table I). Over the whole two-year period the sciaenids 
made up over 75 per cent of the weight of fish landed in the trawl (Mitchell & Mc- 
Connell, 1959). In zone II the average catch over the whole survey was over 150 
kilo per fishing hour of commercial species. In zone III the catches fell off rapidly 
to less than 70 kilo per fishing hour ; catches were very poor over pure sand. The 
catches in the offshore zone IV were poorest, and negligible from a commercial point 


* Another 8 species from coastal waters have since been recorded—see Appendix I, Addendum. 
* These figures exclude trash dumped overboard ; this was also more plentiful in zones I and 
II. An allowance was made for small fish (many sciaenids) in this trash when comparing trawl 
catches off British Guiana and West Africa by Lowe & Longhurst (1961. Nature, 192 : 620-622). 
For details of Cape St Mary catches off West Africa seo references in Longhurst (1961, Nature 
192 : 622) and Salzen, E. A. (1957, J. Cons. Int. Explor, Mar., 23 (1) : 72-82) ; 
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TasLe 1.—A comparison of trawl catches at different depths and in different boxes 
along the coast, from southeast (Box I) to northwest (Box VIL) (see Figure 1) 


Figures given are the mean catch in kilos per fishing hour of all edible species taken in 
the R/V Cape St Mary’s trawl over the two-year survey, April 1957 —March 1959 


Catches mm kilos per nshing nour 


Box 
Depth Sci eee a ee ee ae 
(fathoms) I We i) iy. Vv VI vu zone 
6-10 131 287 40 x 72 z. ie I 
1-15 ie eu eee eet ett Penn ist 
16-20 a. | 51s 7 164 216 294 i 
21-25 15 | 0 0 67 0 | 237 142 
26-30 10 1 | 4 1 4 0 | 165 
31-40 52 zee Sey 8 Aer eat Sai 
41-50 8 1 Gy Neen thetic Gane? | 0 
51-60 3 1 0 if hd iF Ne 
61-10 sie 9 
Ws 0 ¥ 0 0 


of view ; many of the species were very small spiny fish and large snapper were very 
rarely caught in the trawl. 

The abundance of fish over different types of bottom is shown in Figure 3; mud 
and sandy-mud yielded far more fish than sand or coral bottoms. 


(b) The Commoner Fish Species Present in the Different Zones 
The zone in which each species is most commonly caught is shown in Appendix I. 


Zone I 


The species caught by the R/V Cape St Mary’s trawl in less than ten fathoms, 
or only in numbers when strong onshore winds were stirring up the mud and the fish 
had moved offshore, included Chinese butterfish Lonchurus lanceolatus, bashaw 
Cynoscion acoupa, snook Centropomus ensiferus and C. undecimalis, catfish Arius 
fissus and A. parkeri, and toadfish Batrachoides surinamensis. (In these same catches 
the absence of carangids, Diapterus rhombeus, Conodon nobilis, and barracuda and 
Scomberomorus was most marked). Stingrays Dasyates guttatus and Urotrygon 
microphthalmum, the butterfly ray Gymnura micrura, the electric ray Narcine brasi- 
liensis, and the butterfish Nebris microps, were also commoner in catches from these 
very inshore waters. The young, premature, stages of many fish were also caught 
here, for example a ‘ nursery ground ’ struck on 6 September 1958 at 11 fathoms in 
Box III yielded small Micropogon furniert (16/18 cm. long), Genyatremus lutews and 
Conodon nobilis of 12/14 cm., Chaetodipterus faber 8 cm., and small Cynoscion 
jamaicensis, B. bagre and Arius sp. 

The Ketch Arthur Rogers, fishing these inshore waters (five-ten fathoms) in 1948, 
took many small catfish, including kukwarri Hexanematichthys rugispinis, mud cuirass 
Selenaspis herzbergii, and banjoman Aspredo aspredo, also various clupeids and engrau- 
lids, not recorded from the Cape St Mary trawl (Graham, 1949). The catfish spines 
got entangled in the trawl, delaying operations, so they were not a welcome catch. 
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The herrings taken included a Pellona sp. (‘ shad ’), and sciaenids included Cynoscion 
acoupa and Plagioscion sp.; a lizard fish Synodus sp. was said to be abundant, and 
the spotted sole Apionichthys dumerili fairly abundant; a copper-coloured Oligo- 
plites sp. was algo taken from these more inshore waters. A reference collection of 
species caught during this 1948 survey was sent to the British Museum (Natural 
History) by Miss V. E. Graham (Graham, 1949), and the species list was published as 
Appendix 2 in Mitchell & McConnell, 1959, but subsequent work on fishes from this 
area has thrown some doubt onto some of these identifications. 

Other species not caught in the trawl but common in these inshore waters, as 
shown by catches in local gear—Chinese and pin seines, longlines and at Onverwagt 
brackishwater fish culture station—include Tarpon atlanticus, Elops saurus, the 
mullets Mugil liza (brasiliensis of authors, known locally as ‘ Queriman’), Mugil 
curema and M. incilis, various catfishes such as kakinette Pseudauchenipterus nodosus 
and the less common highwaterman Hypophthalmus edentatus and many others, 
pargee Lobotes suwrinamensis, the large cownose ray Rhinoptera sp., and the foureyes 
Anableps microlepis and A. anableps. Other catfishes and sciaenids from these gear 
await further study. A round-the-year study of the species caught in these gear 
has yet to be made, but a preliminary account is given by Lowe (McConnell) (in 

ress). 
; set in all these inshore gear appeared to be highest during the rains, June to 
September, when many of the sciaenids and other species from zone II moved in- 
shore to zone I. 

Among the sciaenids it was noticeable that certain species were taken in the 
estuaries (in Chinese seines) but were never caught entering brackish waters along the 
open coast at Onverwagt ; these included young Macrodon ancylodon, Nebris microps, 
Lonchurus lanceolatus, Isopisthus sp. Whereas other species, including Micropo- 
gon furniert, Cynoscion acoupa and Cynoscion steindachneri, were taken entering 
brackishwater swamps at Onverwagt but were not caught in the estuaries. 


Zone Il 


In zone II the most abundant species were the three sciaenids, the croaker Vicro- 
pogon furmert, which made up over 40 per cent of the weight of fish landed in the 
trawl during the survey, bangamary Macrodon ancylodon (19 per cent of the weight 
of the total catch), and the seatrout Cynoscion virescens (11 per cent of the weight of 
the total catch) (Mitchell & McConnell, 1959). Cynoscion jamaicensis (table bashaw) 
and Larimus breviceps (rockhead bashaw) and two or three Stellifer species (also 
called rockhead bashaw), and Isopisthus sp. (also called table bashaw) were very 
common in the trash. Of the other sciaenids, numbers of butterfish Nebris microps 
were occasionally caught, and among those taken one or two at a time, mixed in 
with the commoner species, Corvula sanctae-luciae and Paralonchurus sp. came from 
rather inshore waters, and Umbrina gracilicirrhus and Menticirrhus spp. from rather 
deeper water over harder sandy-mud. 

The fishes most commonly caught together with the sciaenids in this zone, between 
8-20 fathoms were: requiem sharks, the dogfish Mustelus nov. sp., (Springer & 
Lowe (in press)) and bonnet shark Sphyrna tiburo; catfish including Bagre bagre 
and B. marina, the former generally more inshore than the latter, and Arius species 
of the stricticassis-parmocassis-grandicassis group (for which evidence was collected 
suggesting that these are really one polymorphic species‘); the cutlass fish 7'ri- 
chiurus lepturus, which was very abundant and also common in the estuaries where 
the young are caught in Chinese seines ; the carangids Vomer setapinnis (moonfish) 
and the bumper Chloroscombrus chrysurus ; the pomadasyids annafolk ‘A’ Genya- 
tremus luteus and the less frequently caught annafolk ‘B’ Conodon nobilis. The 
following species were also frequently caught: two species of herrings, Harengula 


“ See Appendix IT. 
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pensacolae and Ilisha argentata (and less often in this zone the thread herring Opis- 
- thonema oglinum), the spanish mackerel Scomberomorus maculatus, the small barracuda 
Sphyraena guachancho, carangids such as the silver Oligoplites saliens (locally called 
mackerel), and Caranx spp. and Hemicaranz sp. When the water was rather clear 
these silver fish were numerous in the catches, particularly Vomer, the barracuda, 
and also the pomfret Peprilus paru and seapatwa Diapterus rhombeus. The jackass 
Chaetodipterus faber was common in the hydroid growths at the interface of mud and 
sand (many small ones carrying ectoparasitic isopods, Nerocila armata Dana); one 
haul in November 1957 took 2640 Ibs. of Chaetodipterus, from 12 fathoms over mud 
in Box IV. 

Species caught two or three at a time included the electric rays Narcine brasiliensis 
and Diplobatis pictus, the stingrays Dasyatis guttatus (D. geijskest on one occasion 
only) and Urotrygon microphthalmum, the butterfly ray Gymnura micrura, various 
Haemulon species, the threadfin Polynemus virginicus, the striped puffer Colomesus 
psittacus (the young of which are seen in the estuaries at high tide), the porcupine fish 
Chilomycterus spinosus, and the batfish ‘ Ogcocephalus truncatus’.? Large sawfish 
of two species, Pristis pectinatus and perotteti, were occasionally caught, particularly 
near the estuaries ; they were taken in every month of the year. 


Zone II] 


Zone ILI was much less well-defined and merged with zones IT and IV as the bottom 
was relatively barren and the catch mainly of the more pelagic, silver, fish, which 
moved with the water types into zones Il and IV. Carangids predominated in zone 
III, about nine species being found here (Appendix I), of which the commonest were 
Vomer setapinnis and Chloroscombrus chrysurus, Hemicaranx amblyrhynchus and 
Oligoplites saliens, with some Caranx hippos and C. crysos ; a few Selene vomer were 
caught in clearer waters (this is the common species around Trinidad). Barracuda 
all apparently Sphyraena guachancho, and the mackerels Scomberomorus maculatus 
and cavalla (cavalla in the clearer more offshore waters ; no S. regalis were seen), 
herrings, particularly Opisthonema oglinum but also Harengula pensacolae and Ilisha 
argentata, and pomfret Peprilus paru, were also very common here. (See ‘ Mackerel- 
Barracuda area’ shown in Figure 1). The slenderer seapatwa Hucinostomus gula 
and argenteus, the cobia or ‘ cod’ Rachycentron canadus and the ‘ Salmon ’ Pomatomus 
saltatriz, were also caught in small numbers at times. Ground fish were few, but 
included the flatfish Cyclopsetta fimbriata and C. chittendeni, and, further out, the 
flying gurnard Dactylopterus volitans, a cuskeel Lepophidium brevibarbe, and occasional 
Porichthys porosissimus. Sciaenids were rare in this zone, but Menticirrhus spp. 
(‘deepwater butterfish ’) were caught futher offshore than any other species of 
Sciaenid except Eques lanceolatus found in zone IV. 


Zone IV 


In Zone IV, in the offshore waters over hard sand and coral, where large sponges 
and seafans grew in many places, the fish in the trawl were mostly small, very spiny 
and many were bright red in colour. Eques lanceolatus was the only sciaénid to be 
taken in this zone, a few at a time. This zone is fished by hooks on handlines from 
the snapper schooners, which catch large red snapper, mainly Lutjanus aya, also 
large grouper, and occasional dolphin Coryphaena hippurus, and other large fish ; 
the species caught in this way off British Guiana have not yet been studied systemati- 
cally or listed. Except for one haul in which over 300 kilo of large red snapper were 
taken, the trawl rarely caught large snapper (and on this occasion a dhan buoy was 
put down but further fishing in the area yielded no more snapper) ; it seemed the 
snapper were too high off the bottom to be caught in the trawl, and the ground was 
very rough, causing much damage to trawls in this zone. Small species of snapper. 


5 See Appendix IT. 


680 ROSEMARY H. LOWE (McCONNELL) [J.L.8.Z. 


a few at a time, were however taken in the trawl, mainly Lutjanus synagris, Ocyurus 
near chrysurus, Rhomboplites aurorubens, and several others not yet identified ; all 
were pink or red in colour. 

On the whole, catches in zone IV produced numerous species but relatively few 
individuals of any one species. The other red fish caught included : three species 
of holocentrid (Holocentrus ascensionis was commonest, H. bullisi taken at several 
stations, and Myripristis jacobus from one station) ; the bigeye Priacanthus arenatus ; 
at least three species of red mullet (Mullus sp. Upeneus maculatus and U. parvus, 
the latter with its striped yellow and black caudal fin); four gurnards (Prionotus 
alipionis, two other species of Prionotus and Bellator militaris) ; about three scor- 
paenids (including the huge-eyed Scorpaena agassizii) ; and some brilliant red batfish 
resembling Ogcocephalus vespertilio. Other fish found here included the blacknose 
shark Carcharhinus acronotus, the guitarfish Rhinobatos percellens, five species of 
lizard fish (T'rachinocephalus myops, three Synodus spp. and one Saurida sp.), three 
flatfish (Bothus sp., Syacium papillosum and a vividly striped Gymnachirus sp., an 
odd Hippocampus longirostris, Fistularia petimba, two interesting stromateids (a 
Cubiceps sp. and a Psenes-like fish). Carangidae in this zone were represented by the 
goggle-eyed scad Selar crumenophthalmus, and the small round and rough scads 
Decapterus punctatus and macarellus (less common) and Trachurus lathami. Three 
species of Diplectrum and Prionodes phoebe, and at least six species of grunt were taken 
(including three Bathystoma species, two Haemulon and Anistotremus virginicus). 
Very few sparids, all one Calamus sp., were taken on the whole survey. COaulolatilus 
guppy, a species previously known only from Trinidad was taken on two occasions, 
several of a similar size (20/23 cm. long) at a time ; one Antigonia capros was caught 
on one of these occasions. At least six chaetodontids were caught, including Poma- 
canthus arcuatus and paru, taken together, and an odd Holacanthus tricolor. Catches 
also included a few specimens of Acanthurus hepatus, Balistes carolinus and B. vetula, 
Sphoeroides spp. and one Antennarius scaber. Labrids and scarids were each re- 
presented by a few individuals of two species. Five species of monacanthids were 
caught (M. ciliatus less commonly than M. hispidus). Cowfish Lactophrys tricornis 
of varying sizes were fairly common, and the round batfish Halieutichthys sp. was 
taken at two stations. 


(c) Comparison of Numbers of Species and Fish in the Different Zones 


As the zones overlapped so much it is difficult to equate the number of species 
living in each zone. However, summarising from Appendix I, it seems that from 
zone I about 62 species were recorded (and further work in this zone is sure to reveal 
many more) ; from zone IT came 80 species : from zone III 43 species; and from zone 
IV about 80 species. 

The fish were, however, much more abundant in zone II than zone IV, as has been 
brought out in Table I and Figure 3, and on the whole (with the exception of the larger 
snapper and grouper) larger. Owing to the irregular bottom in zone IV this could 
not be trawled as effectively as zone II, where the hard mud made an ideal trawling 
ground, but even taking this into account, it seems that zone IT is intensely more 
productive of bottom fish than zone IV. This is to be expected as zone IT is con- 
stantly enriched with salts brought in by the rivers, and kept in constant circulation 
by the complicated and continual water movements in this area. The green water 
zone of plankton growth immediately offshore of this area, so clearly seen from the 
air, shows the enriching effect of these nutrients. The bottom in zone IV, on the other 
hand, quite probably lies below a thermocline ; no sea temperature data are available 
for the west side of the Atlantic off British Guiana, but on the east side of the Atlantic 
in these latitudes a thermocline is known to extend between 10/15 and 15/28 fathoms 
(Watts, 1958). 

It is interesting that so many of the zone I and IT fish are softbodied species from 
the early part of Appendix I, in which the species are arranged in ‘ systematic order ’, 
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whereas the zone IV fish are predominantly spiny fish from the latter part of the 
systematic table. 


_. III. Srasonat BroLtoey 
(a) Seasonal Changes in Zone II 


Sciaenids and other species characteristic of zone II were caught all the year 
round and there were no regular seasonal fluctuations in numbers (Mitchell & McCon- 
nell, 1959). There were, however, some local movements of the fish. The analyses 
of catches of the main commercial species already described (Mitchell & McConnell, 
1959) showed that there is a general tendency for fish of the sciaenid zone (zone IT) 
to move inshore during June-August, the months of the main rains when most water 
is discharging down the rivers to the sea ; these are also the calm months when the 
northeast trade winds are not blowing. Many of the fish spawn at this time, and 
catches in the estuaries in Chinese seines, and on the tidal mudflats in pin seines, are 
particularly heavy at this time of year. The R/V Cape St Mary’s skipper com- 
menting on the profound effect of heavy rains in August 1959 noted * dark water and 
flotsum being carried far out to sea (in an easterly direction disturbing the normal 
tidal southeast/northwest currents), and catches near the shore after this were very 
good ; it seems that the rains attract the fish ashore and the catches increase, then 
the “ dogfish ” (Carcharhinus spp.) move in after the fish and the good fish disappear’. 

During much of the rest of the year the tradewinds blow onshore, stirring up the 
mud, and the fish tend to move offshore. The northeast trades are particularly 
strong in January-March, and the longer and stronger they blow, the more the fish 
move offshore, and catches are then particularly good in the northwest, the area 
where they can move into deeper water and still remain over mud. 

Particularly good examples of the movements of fish offshore during heavy 
tradewinds were witnessed in February 1959 in Box I, when the trawl took species 
which at other times live inshore of the Cape St Mary’s inner limit (eight fathoms), 
such as Lonchurus lanceolatus, Arius fissus, and Batrachoides surinamensis, with 
many Narcine brasiliensis and small stingrays such as Urotrygon microphthalmum 
(see page 677). Also in January and February 1959 in the northwest district (Box 
VI) the fish were found to have moved out between two visits to the area; this 
appeared to be related to a change in the bottom, as quantities of very soft ‘sling ° 
mud had moved out over the harder mud which had produced good yields of fish on 
the earlier visit, and the fish had then moved out further. These same good fishing 
grounds in 20-25 fathoms in the northwest proved barren when visited in June-July 
1958, and there was evidence from catches in more inshore gear (pin seines and Chinese 
seines) that the fish had moved inshore. However, the previous year, June 1957, 
catches in slightly shallower water (17-19 fathoms) of these same northwest grounds 
had been good, which suggests either that the fish may not move very far inshore, 
or that there is some variation in seasonal movements from year to year (probably 
depending on the advent of the rains.) 

Other local movements of the fish appeared to be caused by the appearance of 
numerous carcharinid sharks on the good fishing grounds. Although some were 
present throughout the year, these appeared in great numbers during the rains when 
the rivers were carrying much debris down to sea, and were particularly abundant from 
June—September when they haunted the tidal contours. Not only did they damage the 
trawl, but they appeared to chase the other fish from the area. On many occasions 
good hauls of the usual sciaenid species were made for several hauls, then packs of 
sharks converged on the ship-perhaps attracted by the smell of fish in the trawl— 
and all the other fish abruptly disappeared, the following hauls being blank. It 
proved necessary to move a mile or so for a further good haul to be made before the 
sharks reappeared and the process was repeated, so good fishing became very patchy. 
Up to 32 sharks were taken in one haul of the net, but most of the damage to the net 
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was done from outside, the sharks tearing the gilled fish out of the trawl as it was hauled 
inboard. 


(b) Seasonal Changes in Gonad States of the Fish 


The gonad states of the species of fish most commonly caught in the trawl were 
examined throughout the year March 1958—March 1959, with the exception of 
November and December when the ship was out of action. Larger numbers of fish 
were examined in the months when the biologist accompanied the ship, namely 
February, March, April and September ; data for the other months were from much 
smaller samples, of the commonest species only. examined after the ship returned 
from each cruise. 


TABLE 2.—The seasonal occurrence of ripe fish in the trawl. 


(x denotes presence of ripe fish, X most of fish caught ripe, ( x) ripening fish, 0 no 
ripe fish in samples examined, — species not present in samples kept for gonad 
examination. ) 
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The months in which ripe fish of various Species were recorded are summarized 
in Table 2. This shows that ripe fish were present in samples examined at all times 
of year in the croaker Micropogon furnieri, the table bashaw Cynoscion jamaicensis, 
the rockhead bashaw Larimus breviceps, the sea patwa Diapterus rhombeus, annafolk 
Genyatremus luteus, and the moonfish Vomer setapinnis. In some other species, such 
as Conodon nobilis, Paralonchurus sp., Menticirrhus sp., and Bagre marina, ripe fish 
were found whenever these species appeared in the catches, and in Chaetodipterus 
faber whenever the fish caught were large enough to be mature. 

In the other common sciaenids, on the other hand, bangamary Macrodon ancylo- 
don and ‘ seatrout ’ Cynoscion virescens, ripe fish, or any fish with active gonads, were 
rarely caught in the trawl, and were only taken when the trawl was fished very close 
inshore, as it was in the southeast in August-October 1958 and February 1959. 
Among fish of these species caught in the same months in the northwest, in deeper 
water, no active gonads could be found. It seems therefore that a ‘ place effect ’ 
here obscures any seasonal changes in breeding, that the fish when ripe must congre- 
gate in certain places, evidently moving inshore into shallower water, and unless these 
particular places are fished by the trawl ripe fish are not caught. Until samples 
round the year are available from such places it is not possible to determine whether 
there are marked seasonal variations in gonad activity, though the large numbers 
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caught offshore with inactive gonads suggests that spawning is by no means continuous 
or prolonged in the mature fish of these species. 

Extreme examples of this ‘ place effect ’ were seen in the butterfish Nebris microps 
and the table bashaw Isopisthus sp., a8 no fish of these species with active gonads 
were ever found in the trawl; the young of both these species are caught in Chinese 
seines, and it seems that these may move into estuaries to spawn. 

Among the less abundant species, which were only examined when the biologist 
was aboard (February, March, April and September), ripe and ripening fish seemed to be 
more abundant in September than in March ; this included the bumper Chloroscom- 
brus chrysurus, barracuda Sphyraena guachancho, the mackerel Scomberomorus 
maculatus, and the herrings Harengula pensacolae and Opisthonema oglinum. Sep- 
tember comes after a period of good feeding during the rains for most fish ; it also 
corresponds with the end of the summer for the more northern species. The Skipper’s 
records state that ‘ sardines’ and large mackerel were particularly abundant in the 
southeast in very shallow water in August, and that the large mackerel (up to about 
three kilo weight) then contained eggs ; further north off the U.S.A. Scomberomorus 
spawn ‘as late as September ’ (Breder, 1948). 

Small fish of many species were, however, taken both in February and September 
in the trawl (and during the rains June-September in the estuaries); 5 cm. long 
Chloroscombrus chrysurus and Peprilus paru were caught in February, together 
with small Macrodon, B. bagre, and Achirus (in 12 fathoms in Box TI), and, as men- 
tioned above (page 667) a ‘ nursery ground ’ fished in February contained small fish 
of many species. 

Off French Guiana Puyo (1949) reports that many species, (including Macrodon) 
spawn in the main rains June-August, and in British Guiana many young fish are 
caught in Chinese seines in the estuaries at this time. This may, however, be partly 
due to the greater attraction to the estuaries when more freshwater is coming down 
the rivers, rather than a seasonal fluctuation in numbers of fish spawning. Young 
croaker, Micropogon furnieri, were taken all the year round at Onverwagt, entering 
brackish water from the sea; this species was never taken from the estuaries. 
Possibly the estuarine fish have better defined seasonal breeding than fish of the open 
coast such as Micropogon. 

Large ova were found in Arius fissus in February, and in Bagre marina (16 mm. 
diameter ova) in both March and September. Males of these species are said 
to practice oral incubation of the eggs (Puyo 1949). Counts of ripe ova in three 
B. marina showed that only about 20 eggs are laid at a time. 

Thus in this area there seems to be great diversity in spawning rhythms, some 
common species, (belonging to at least four families, Sciaenidae, Gerridae, Pomadasyi- 
dae and Carangidae), e.g. the croaker, seem to be capable of spawning at any time of 
year. Others, including members of the same families, such as the common sciaenids 
‘Macrodon ancylodon and Cynoscion virescens, appear to have much more restricted 
breeding seasons. 


(c) The Occurrence of Young in Viviparous and Ovoviwiparous Species 


Most of the Elasmobranchs caught by the R/V Cape St Mary are viviparous 
or ovoviviparous. These were only examined in February, March, April and Septem- 
ber, when the biologist was at sea. In September the only fish seen carrying young 
were a Carcharhinus obscurus, containing three young 22 cm. long, and a Rhinobatos 
percellens female (48 cm. long) carrying two young still with yolk sacs (another R. 
percellens caught in April had three embryos 65 mm. long). In February—April 
many species were found carrying young ; these included many Mustelus nov. sp., 
Carcharhinus maculipinnis, other requiem sharks, Sphryna tiburo and S. tudes 
(diplana), Pristis pectinatus, Rhinobatos percellens, and Urotrygon microphthalmum ; 
Narcine brasiliensis were found containing long yolk strings, and a Gymnura mocrura 
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had long filaments (trophonemata) in the oviduct in a condition suggesting that young 
had just been released. 

Of particular interest were the Urotrygon macrophthalmum stingrays (previously 
known only from the type collected off the Amazon), as in February nearly all the 
females caught contained young, three at a time, about ready to be born, suggesting 
that there is a definite seasonal breeding in this species, (see Appendix IT, page 698). 

The Mustelus nov. sp. embryos from different females (generally four in each) were 
also all of a size, ready to be born, tailfirst, in March, suggesting seasonal breeding 
in this species too. 

The young S. tudes, four all about 28 cm. long and nearly ready for birth, were from 
a 107 cm. female. Both these, and the embryos of Carcharhinus maculipinnis (four 
of 19 cm. still with external gills, from a 116 cm. female) appear to be the first records 
of embryos for these species ; the material is in the British Museum for further study. 

A female sawfish Pristis pectinatus, 3-1 metres long, caught in 11 fathoms in Box 
IIT in March 1958, contained eleven young 42 em. total length (30 em. body and 
12 cm. saw) still with about a pint of yolk in the sac attached to each embryo. 


IV. Foop RELATIONSHIPS 


From the general picture which emerges from the analyses of stomach contents 
of the different species, the principal sources of fish food in the main trawling areas off 
British Guiana appear to be : 

(1) invertebrates in the bottom mud, particularly polychaetes, but also odd 
sipunculids, small crabs, hermit crabs and molluscs : 

(2) crustacea over the bottom mud, particularly various species of penaeid shrimp 
(see page 675), Squilla empusa, and crabs ; 

(3) the more pelagic small white shrimps (family Sergestidae) of the clearer waters : 

(4) fish. 

i Invertebrates from the bottom mud were found in the following species : 
the croakers Micropogon furnieri and Paralonchurus sp. (polychaete worms), the 
grunts Genyatremus luteus (mixed invertebrates) and Conodon nobilis (molluscs), 
batfish Ogcocephalus ‘ truncatus ’ (tiny molluscs and crabs), the catfishes Bagre 
marina and bagre, Arius parkeri and A. fissus (all rather general feeders). The 
seapatwa Diapterus rhombeus from the shape of its extensible mouth would appear to 
probe in the bottom and intestines contained sand or mud and worm remains. 
Narcine brasiliensis contained polychaetes, Sipunculus and small brown eels from 
the bottom mud. 

(2) Crustacea above the bottom, mainly penaeid shrimps and Squilla, were 
found in the stomachs of: the bonnet shark Sphyrna tiburo, stringrays Dasyatis 
guttatus and Urotrygon microphthalmum, butterfly ray Gymnura micrura, catfishes 
Bagre marina and B. bagre, Arius of the stricticassis-parmocassis-grandicassis group 
(which also contained small round leucosid crabs), the threadfin Polynemus verginicus 
(which also contained small fish), small T'richiurus lepturus (larger ones ate fish), 
Achirus sp. (contained Squilla), Serranids such as Diplectrum spp., Lutjanus synagris 
(some of which also had fish). Among the sciaenids, penaeid shrimps were found in 
Menticirrhus (together with crab remains), Umbrina gracilicirrhus, Nebris microps 
and Lonchurus lanceolatus. Penaeids were also found in young Macrodon ancylodon, 
and together with fish in larger ones ; in Oynoscion jamaicensis, and in C. virescens 
they were found together with Squilla and fish. 

Crab remains were found in Mustelus nov. sp. (together with squid), Mwraenesox 
savanna, Syacium papillosum and Menticirrhus spp. Other bottom invertebrates 
eaten included hydroids, sponges and feather stars (Lropiometra carinata) crammed 
into Chaetodipterus faber on different occasions. Molluses were found in Sphoeroides 
testudineus, Ogcocephalus truncatus and Conodon nobilis. 

(3) The more pelagic white shrimps (Sergestidae) were found in: the Manta ray 


XLIV] THE FISHES OF THE BRITISH GUIANA CONTINENTAL SHELF 685 


Mobuia sp., some herrings, carangids such as Oligoplites saliens, Caranx hippos, 
C. crysos and Hemicarana amblyrhynchus, the moonfish Vomer setapinnis (together 
with small herrings and anchovies) and Selene vomer, the bumper Chloroscombrus 
chrysurus (together with anchovy larvae). Among sciaenids small C. jamaicensis, 
and Larimus breviceps with its upturned mouth, seemed to feed on sergestids and 
when very plentiful sergestids were sometimes found in Macrodon and C. virescens. 
The herrings Harengula pensacolae and Opisthonema oglinum had been feeding on 
zooplankton, and the greenish stomach contents of Peprilus paru suggested this had 
been feeding on plankton too. 

(4) Fish were found in the stomachs of: sharks, which seem to eat whatever 
species they can catch and have a varied fish diet ; guitarfish Rhinobatos percellens 
(small fish eaten) ; the two species of Bagre, which both included some of the com- 
monest small fish in their diet ; barracuda Sphyraena guachancho which were taking 
mainly pelagic fish (clupeids, anchovies and Ablennes) but also eat Macrodon and 
Trichiurus ; the threadfin Polynemus virginicus, which contained mainly anchovies 
and clupeids (one was found with a small flounder); the mackerel Scomberomorus 
spp. which take pelagic species, clupeids and anchovies, (and other smaller Scombero- 
morus) ; the lizard fishes which all take small fish ; some of the carangids, such as 
Vomer setapinnis which included small pelagic fish, clupeids, anchovies, and odd 
Trichiurus, in their diet. Some snapper Lutjanus spp. were found with small fish 
among the invertebrates in their stomachs—all much chewed, particularly about the 
head, and hard to identify (one L. synagris contained a batfish Ogcocephalus sp. 
together with Squilla). 

The common sciaenids Macrodon ancylodon and C. virescens are primarily shrimp 
and fish eaters, the bigger Macrodon taking Stellifer spp., Trichiurus and small 
Polynemus as well as shrimps. The larger predator C. virescens, one of the main 
predators of the inshore waters, feeds mainly on other sciaenids, and stomachs 
contained Macrodon ancylodon, Micropogon furnieri, C. jamaicensis, numerous 
Stellifer spp., Umbrina sp., and non-sciaenids such as Trichiwrus lepturus, clupeids, 
odd catfish (B. bagre and Arius sp.), and odd lizard fish (Saurida sp.) and brown 
sandeels. C. virescens of all sizes seem to take shrimps, Squilla or fish, whichever 
are most easily available, the largest virescens eating shrimp at times ; Squalla were 
particularly abundant in their stomachs at one time and place (e.g. in September 
1958 in Box III in 14 fathoms), and T'richiurus lepturus at another time and place 
(e.g. in February 1959 in Box VI in 22 fathoms) ; these T'richiurus were surprisingly 
long to be swallowed whole, for example a 49 cm. C. virescens contained a 45 cm. 
Trichiurus folded in its stomach, headfirst and one virescens contained two cutlass 
fish 45 and 50 cm. long. C. jamaicensis also eats small fish frequently, and Lonchurus 
lanceolatus includes some small fish in its diet. (The only fish ever found in a croaker 
Micropogon was a brown sandeel of a kind taken along with bottom invertebrates 
by Narcine.) 

In Figure 4 an attempt is made to illustrate the main food relationships in the 
main trawling zones (II and III). 

Further offshore over hard sand and coral bottoms: the snappers contained 
invertebrates and a few small fish ; the only sciaenid in this area, Hques lanceolatus, 
contained tiny, T'riton-like univalve molluscs. Sponges were found in both black and 
French angel fishes (Pomacanthus arcuatus and paru). Chaetodon spp. contained 
tiny shrimps, Scorpaena spp. had Squilia and small crabs. The few scarids taken 
contained gritty brown mush—the coral in this area, all in water deeper than 20 
fathoms, appears to be dead. The various monacanthids contained hydroids, 
feather stars and pieces of coral. Few predatory species were caught in the trawl 
in this zone (hook line catches show they are here, but above the bottom). Perhaps 
the spininess of these bottom fish deters predators ; one gurnard had a small flatfish 
inits stomach. The only shark caught over the hard bottom. Carcharhinus acronotus, 
contained octopus legs and fish. 
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It is interesting that sharks, barracuda, Scomberomorus and Pomatomus, all fish 
of relatively clear water, all chop their prey before swallowing it, so stomachs some- 
times only contain part of a fish (different parts of one garfish Ablennes hians sees 
found in two Sphyraena guachancho caught at the same time). The snapper, whic 
also live in clear water, chew and fold their prey. The sciaenids, on the other hand, 
whose main habitat is very muddy water, where locating pieces of chopped prey 
might not be so easy, all swallow their prey whole, generally headfirst. The sur- 
prisingly large Trichiwrus swallowed whole by C. virescens have already been men- 
tioned. 
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Fia. 4.—The main food relationships of the commonest species caught in the trawl. 


V. RELATIONSHIPS OF THE British GurIANA Marine FisH FauNA WITH THOSE OF 
NEIGHBOURING TERRITORIES 


The South American continental shelf is continuous from the Gulf of Mexico, off 
Panama, south to Brazil. Large rivers enter the sea along this whole coastline from 
the Orinoco to the Amazon. These rivers bring down mud, and conditions would 
appear to be rather similar throughout this whole area. There are, of course, some 
local differences ; but there appear to be no major barriers to the dispersal of these 
coastal shelf fish along the whole coast from the Gulf to the Amazon. The distribu- 
tions of the British Guiana fishes found in neighbouring territories are indicated in 
Appendix I, from data taken from the following sources: Panama from Meek & 
Hildebrand (1923-28), Venezuela from Schultz (1944, 1949), Surinam from Boeseman 
(1948 a and b, 1952, 1953, 1956), French Guiana from Puyo (1949) and Durand (1961), 
and Brazil from Fowler (1941), Tortonese (1948). 

The West Indian island arc, with its clear blue water over hard coral bottoms, 
offers very different conditions to the fish. Many of the fish species here are also 
caught off Florida (Breder, 1948, Joseph & Yerger, 1956 ; Robins, 1958) and are also 
recorded from Brazil (see Appendix I). 
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In British Guiana the ‘ coastal shelf’ fauna is found in zones I-II (III), and the 
‘island are’ fauna in zone IV (III); the latter approaching nearest to the coast in 
the southeast of British Guiana where it comes into 20 fathoms, about 40 miles from 
the coast, in Box I. 

As so much exploration remains to be done in these areas it is perhaps premature 
to compare species lists. However, summarising the data on the distribution of 
species caught in British Guiana in neighbouring territories, given in Appendix I, 
it seems that : 

(1) of British Guiana’s approximately 213 coastal and marine species considered 
here, about 103 (48 per cent) are species known from Panama to Brazil. 

(2) Of these 103 species recorded from Panama to Brazil, about 69 (67 per cent) 
are also recorded from the Florida/West Indies region. 

(3) Brazil has 22 species in common with British Guiana not found in Panama, 
but only 10 of these are not recorded north of British Guiana, (the other 12 being 
recorded from the island are or Venezuela), i.e. the ‘southern element’ of British 
Guiana’s fauna seems to be only about 5 per cent. 

(4) Twentythree (ten per cent) of British Guiana’s species recorded from the 
West Indies and Florida are not recorded from Brazil, i.e. seem to represent a northern 
and island arc element of the fauna. Of these 23 species 13 are only recorded from 
Florida and the West Indies (and not from Panama), (three of these from the West 
Indies only). This suggests that the ‘island arc’ element comprises between 5-10 
per cent of British Guiana’s marine fish fauna. 

(5) Of the 213 odd British Guiana species, about 85 have so far been recorded 
from Venezuela to the immediate northwest (Schulz, 1944, 1949), about 32 from 
Surinam to the immediate southeast (Boeseman, 1948 a and b, 1952, 1953, 1956), 
and about 82 from French Guiana (Puyo, 1949; Durand, 1961). It is understood 
that further studies are in progress in these territories, so these numbers are likely to 
be augmented in the near future. 

(6) About eleven species which appear to be undescribed or new, and on which 
further systematic work is required, were collected during the Cape St Mary survey. 

The more pelagic fish, the carangids and Scomberomorus, appear to move about 
a great deal, but little evidence was obtained from the trawl catches of regular 
seasonal movements into and out of the area. Further north, off Florida and Maine, 
the literature suggests that there is a southward movement of some species in the 
winter months. Hookline catches off British Guiana from the snapper schooners 
do suggest that species such as the dolphin Coryphaena hippurus visit the area at 
certain times of year (for example a run appeared in August 1958). Among the 
inshore and bottom dwelling fish a number of British Guiana species show local varia- 
tions, suggesting the populations do not range far, and future work may show that 
some should be considered subspecies, or representatives of a cline along the coast. 

The latitudinal distribution from the equator northward of some of the species 
occurring off British Guiana is shown by Joseph and Yerger (1956) in their plates 
TIT and IV. 


VI. Summary OF CONCLUSIONS 


This survey, mainly by trawl, of the coastal and marine fishes of the continental 
shelf off British Guiana, an area hitherto unexplored, has shown that at least 213 
species, representing 72 families of fish, occur here. As systematic studies have yet 
to be made of the offshore handline fishery and of the coastal pin seine, Chinese seine 
and longline fisheries, the number of species is likely to be much higher. No check list 
exists of the marine and coastal fishes off British Guiana and this present paper 
attempts to help remedy this. Rather incomplete checklists are available for some 
of the neighbouring territories, but very little is on record about the natural history 
of any of the species. 
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2. The fish faunas of the area considered off British Guiana were found to inhabit 
four rather overlapping zones : ate 

Zone I, the very muddy coastal waters out to ten fathoms over very soft, shifting 
mud (rarely visited by the trawler and as yet little studied) ; zone IJ, the harder mud 
and sandy-mud bottomed areas from 10-20 or 30 fathoms (20 in the southeast, 
30 in the northwest), which proved the best areas for trawling, producing an average 
of over 150 kilo of fish per fishing hour ; zone IIT, the clearer, greener, waters, generally 
over rather barren sandy bottoms; zone IV, the clear blue water over hard coral 
and sand bottoms, (out from about the 20 fathom line in the extreme southeast and 
from 30-40 fathoms further north). There were some seasonal changes in water type 
and corresponding seasonal movements of fish, particularly between zones I and IT, 
and zones IT and III; in zone III more pelagic fishes were caught in the trawl. 

3. The species of fish caught off British Guiana are listed in Appendix I, which 
indicates the zone in which each species was most commonly found, and its distribu- 
tion in neighbouring territories. Zone I, the ‘ brown fish’ zone yielded some 62 
species, mainly soft-bodied nematognaths, sciaenids and rays, zone II the * golden 
fish * zone, from which about 80 species came, was predominantly a sciaenid zone, 
these making up over 75 per cent of the weight of the trawl catch. In zone III the ‘silver 
fish ° zone only about 43 species were found, the catch was largely of pelagic fish, 
carangids, spanish mackerel, barracuda, herring and pomfret, which came and went 
with the water types. In zone IV, the ‘red fish’ zone, catches, though rich in 
numbers of species (at least 80) were poor in numbers of individuals and weight of 
fish caught (see table I); large red snapper were rarely caught in numbers in the 
trawl and most of the catches were of small spiny red species. 

4. Most of the species were present throughout the year. There was however, a 
general inshore movement during the rains, June to September, the calm months when 
much fresh water is pouring down the rivers into the sea, and an offshore movement 
in the very windy months January-March. This offshore movement brought some 
of the zone I fish into zone IT, and catches were particularly good from the more 
offshore grounds in the northwest after prolonged windy periods. Whenever packs 
of carcharhinid sharks appeared in the neighbourhood, the fish evidently scattered 
and catches became very patchy ; the profound influence of the presence or absence 
of sharks on the distribution of the other fish demonstrates well the enhanced im- 
portance of biotic pressures in the tropics where seasonal changes are so slight. 

(5) Gonad states showed that in some species ripe fish can be caught at any time 
of year; these included the croaker M wcropogon furnieri, the bashaws Cynoscion 
jamaicensis and Larimus breviceps, the seapatwa Diapterus rhombeus, the grunt 
anafolk Genyatremus luteus and the moonfish Vomer setapinnis. Some ripe fish were 
also recorded from all the months that the following species were caught, Conodon 
nobilis, Paralonchurus sp., Menticirrhus sp. and Bagre marina. There was, however, 
evidence of more restricted breeding seasons in the very common sciaenids Macrodon 
ancylodon and Cynoscion virescens, but ‘ place effects ’, the fish with active gonads 
moving away from the trawled zone, probably inshore, obscured seasonal changes in 
the numbers breeding. Among Nebris microps and Isopisthus sp. caught in the trawl 
none were ever found with active gonads. In French Guiana, Puyo (1949) main- 
tained that many species spawn during the rains, when they are caught abundantly 
in Chinese seines in the estuaries, but the British Guiana data suggested that spawning 
periods may be much more protracted. Young Micropogon furnieri were caught 
throughout the year entering brackish swamps at Onverwagt. 

(6) Many species of viviparous and ovoviviparous sharks and rays were found 
carrying young, particularly in February—April, when the young of several species 
were about ready to be born. 

(7) Stomach content analyses showed that the most abundant fish, the croaker 
Micropogon furnieri were feeding mainly on polychaete worms from the bottom mud. 
The next most abundant species, Macrodon ancylodon and Cynoscion virescens ate 
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penaeid shrimps and fish, Macrodon taking shrimps when small and including fish 
in their diet when larger. (. virescens was one of the main predators of the sciaenid 
zone but took penaeids and Squilla at intervals throughout life ; the fish eaten were 
mainly other sciaenids and included Macrodon and Micropogon. Penaeid shrimps 
were found in at least 18 species: Other predators were the sharks which had a very 
varied fish diet, and barracuda and mackerel, which ate more pelagic fish such as 
clupeids and anchovies. Like Pomatomus these chopped up their prey before eating 
them, in contrast with the predatory sciaenids living in muddy waters which swallowed 
their prey whole. 

(8) Comparison of the species recorded from British Guiana with those from 
neighbouring territories shows that 48 per cent of British Guiana’s marine fishes con- 
sidered here are also found from Panama to Brazil ; and of these 67 per cent are also 
recorded from Florida and the West Indies. Only 10 species in common with Brazil 
are not recorded north of British Guiana (i.e. about five per cent of British Guiana’s 
fauna). Of 23 (ten per cent) species found to the north of British Guiana but not 
recorded from Brazil, 13 were not in Panama and appeared to be purely ‘ island are ’ 
species. Thus British Guiana’s marine fauna appears to be made up of about 50 
per cent widely distributed coastal shelf species, and an island are component (between 
five-ten per cent of the fauna) of clearer-water loving species, coming inshore to 
within about 40 miles of the coast in Box I in the southeast where there is a hard 
coral and sand bottom in 20 fathoms, and about five per cent appears to be a ‘ southern 
element ’ in common with Brazil. About 11 possibly new species on which further 
study is required, were collected during the survey. 

In the complexity of the fauna, the large numbers of species present, many 
closely related and often appearing to eat much the same food, and the presence in 
several species of ripe fish throughout the year, British Guiana’s marine fish fauna 
demonstrates characteristics of tropical as opposed to temperate communities. The 
large numbers of fishes from these very turbid waters which produce loud noises, 
particularly among the sciaenids, grunts and catfishes, is very striking and provides 
an exciting subject for further study. 
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AppEenpDIx I.—The marine fishes caught off British Guiana, mainly in the trawl, showing 
the zone in which each species was most frequently caught and its distribution 
in neighbouring waters. 


(Name of species in brackets denotes that this was not caught in R/V Cape St Mary’s 
trawl; X denotes present, ( x) denotes occasional.) 
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TRIAKIDAE—Smooth dogfishes 
OS patie Mews Mustelus nov. sp. 
CARCHARHINIDAE—Requiem sharks 
Sous ast Scoliodon terrae-novae Richardson Xe OX ener 
Saat SS) gee Scoliodon sp. = 
x Carcharhinus acronotus (Poey) SK 
sO MGehy ” DE eas Carcharhinus maculipinnis (Poey) alee 
SO sts, Wise eaeae Carcharhinus oxyrhynchus Muller & Henle winiey Sse cote heen eee 
eet ey (ES) cers Carcharhinus porosus Ranzani Ae Hees Pecbae eco. OS 
Sep cee Bea: (Carcharhinus leucas (Muller & Henle)) meee 
oe ee Oe Be Hulamia obscurus (Le Sueur) Se ES 
Sere Sothercce Carcharhinus limbatus (Muller & Henle) Sab Sx > 
Seg Silieras Aprionodon isodon (Muller & Henle) as 


SPHYRNIDAE—Hammer sharks 
Ge sae Siamenor Sphyrna tiburo (Linn.) Bs sae) ate < 
SC cdi aos Sphyrna tudes (Val.) (S. bigelowi Springer) eS ex 
x Sphyrna lewini Griffith (S. diplana Springer) 

PRistTIDAE—Saw fishes 


Glee 6S Sanereiemcas Pristis pectinatus Latham Se MS IN Beicte Sea SS 
eK gece ages Pristis perotteti Muller & Henle bo Stc eater | scan 4% 
REINOBATIDAE—Guitar rays 
x Rhinobatos percellens (Walbaum) ee ES Meee cous Se 
TORPEDINIDAE—Electric rays 
SP ant tly see Narcine brasiliensis (Olfers) > eal ae be Be x 
he eae a mas Diplobatis pictus Palmer 
DaASYATIDAE—Sting rays 
ae? MS nineteen one Dasyatis geijskest Boeseman sete uae x 
Smee oe Teco! meee Dasyatis guttatus (Bloch & Schneider) eS x > 
GYMNURIDAE—Butterfly rays 
MK cicae tens Gymnura micrura (Bloch & Schneider) kk 


UroLopripar—Round sting rays 
Urotrygon microphthalmum Delsman 
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APPENDIX I[—cont. 
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(BS) cee # as Aétobatus narinart (Kuphrasen) 
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(Tarpon atlanticus (Cuvier & Valenciennes) x 
ALBULIDAE—Bone fish 
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Se ae Ilisha argentata Meek & Hildebrand 
555, XG) Mes Su Optisthonema oglinum (Le Sueur) 
NOT OES = Be ears Pellona sp. 
ENGRAULIDAE—Anchovies 
Anchoviella (Stolephorus) spinifer (Cuv. & Val.) ... 
Stolephorus surinamensis Bleeker ae 
Pterengraulis atherinoides (Linn.) & others 
MURAENESOCIDAE—Savanna eels 
ait) Geiss Muraenesox savanna (Cuvier) 
ECHELIDAE—Worm eels 
Ahlia sp. 
OPHICHTHYIDAE—WSnake eel 
Se ieties «aie Aplatophis chauliodus Bohlke 
MURAENIDAE—Moray eels 
Gymmnothorax ocellatus Agassiz x 
ARTIDAE—Sea, catfishes 
Bagre (Felichthys) marina (Mitchill) 
Bagre (Felichthys) bagre (Linn.) 
Arius stricticassis Cuvier & Valenciennes 
Artus parmocassis Cuvier & Valenciennes 
Arius grandicassis Cuvier & Valenciennes 
x Bese ay Arius parkeri (Traill) 
esas tee 3 Arius fissus Cuvier & Valenciennes 
4 (Arius spixi (Agassiz)) 
x sae Aah (Selenaspis herzbergi (Bloch)) 
Mace) Gees Gee (Pseudauchenipterus nodosus (Bloch)) 
(Hexanematichthys rugispinis (Cuvier & 
Valenciennes)) 
SORE cst. cece sie (Aspredo aspredo (Linn.)) 
SyNODONTIDAE— Lizard fishes 
Trachinocephalus myops (Forster) 
Synodus foetens (Linn.) 
Synodus poeyt Jordan 
Synodus intermedius (Spix) 
Saurida sp. (nearest twmbil and 
undosquamis) 
ANABLEPIDAE—Four-eyes 
(Anableps anableps Linn.) 
(Anableps microlepis Muller & Troschel) 
BELONIDAE—Needle fishes 
ro tad (Strongylura sp.) 
per e a (Oe) oe aise Ablennes hians (Cuvier & Valenciennes) 
ExocortTipaE—Flying fish 
(Se) ahs (Parexocoetus brachypterus littoralis Breder seen | 
BoruipsaE—F lounders 
(Ce07)) cor | mode ea (Paralichthys sp.) : 
ieee “ase oN Bothus near ocellatus Agassiz 
eo Ome Syacium papillosum (Linn.) 
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APPENDIX I—cont. 
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Boru aE—Flounders—(cont.) 
(ea) ae Cyclopsetta fimbriata (Goode & Bean) sae 
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x Gymnachirus near fasciatus Gunther 
(? syn. zebrinus Ribeiro) 
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SG Tesh ast axcon Achirus lineatus (Linn.) orig CP see wees ao ee 
Achirus sp. (near mazatlanus) 
CyNoGLossiDAE—Tongue fishes 
SGaionghe "cod Symphurus plagusia (Schneider) iseie OX fest» ee ON 
HoLocentRipAE—Soldier or Squirrel fishes 
x Myripristus jacobus Cuvier & Valenciennes Fi, BOS oe ees 
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x Holocentrus bullist Woods x 
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x Hippocampus longirostris Cuvier wey asesi uses» sate eee ex 
FIsTULARIIDAE—Cornet fishes 
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Species 
SERRANIDAE—Sea basses, Groupers 
Lpinephelus mystacinus (Poey) 
Garrupa nigrita (Holbrook) 
Myceteroperca sp. probably falcata (Poey) 
Rypticus sp. probably bistripinus (Mitchill) 
Diplectrum radiale (Quoy & Gaimard) 
Diplectrum formosum (Linn.) 
Diplectrum sp. (? nov. sp.) 
Prionodes phoebe (Poey) 
(Promicrops itaiara (Lichenstein)) 
PRIACANTHIDAE—Bigeyes 
Priacanthus arenatus Cuvier & Valenciennes 
LosoripaE—Tripletails 
(Lobotes swrinamensis (Bloch)) 
LutTsaNniIpDAE—Snapper 
Lutjanus aya (Bloch) 
Lutjanus synagris (Linn.) 
Lutjanus analis (Cuvier & Valenciennes) 
Lnutjanus spp. (2 or 3 spp.) 
Ocyurus near chrysurus (Bloch) 
Rhomboplites aurorubens (Cuvier & 
Valenciennes) 
PomMapDAsyIDAE—Grunts 
Haemulon sciurus (Shaw) 
Haemulon steindachneri (Jordan & Gilbert) 
Haemulon melanurum (Linn.) 
Bathystoma rimator (Jordan & Gilbert) 
Bathystoma aurolineatum (Cuvier & 
Valenciennes) 
Bathystoma striatum (Linn.) 
Anisotremus virginicus (Linn.) 
Anisotremus surinamensis (Bloch) 
Conodon nobilis (Linn.) 
Pomadasys corvinaeformis (Steindachner) 
Pomadasys sp. (near crocro (C. & V.)) 
Orthopristis sp. 
Genyatremus luteus (Bloch) 
SpartpsAE—Porgies 
Calamus proridens Jordan & Gilbert 
GERRIDAE—Mojarras 
Eucinostomus gula (Cuvier & Valenciennes) 
Eucinostomus argenteus Baird & Girard 
Diapterus rhombeus (Cuvier) 
Mutiipas—Red mullets or Goatfishes 
Mullus sp. (near surmuletus Linn.) 
Upeneus maculatus (Bloch) 
Upeneus parvus Poey 
ScraENIDAE—Croakers, Weakfishes 
Larimus breviceps Cuvier & Valenciennes 
Corvula sanctae-luciae Jordan 
Stellifer rastrifer Jordan & Higenmann 
Stellifer microps (Steindnachner) 
Micropogon furniert (Desmarest) 
Umbrina gracilicirrhus Metzelaar 
Menticirrhus americanus (Linn.) 
Menticirrhus martinicensis (Cuvier & 
Valenciennes) 
Paralonchurus sp. (nearest rathbuni (Jordan 
& Bollman)) 
Lonchurus lanceolatus (Linn.) 
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ScraENIDAE—Croakers, Weakfishes (cont.) 
eS So mocea woe Macrodon ancylodon (Bloch & Schneider) Sa eS oe 
Soo Teh Sie ton Cynoscion acoupa (Lacepede) xX Go 
GE aor Oynoscion jamaicensis (Vaillant & Bocourt) SS cee tee XK 
Se ope Cynoscion leiarchus (Cuvier & Valenciennes) Oe Se See 
Tey ates see Cynoscion virescens (Cuvier & Valenciennes) KX XS ox 
Se RES ease ote Cynoscion steindachneri (Jordan & Higenmann) ... SE) ew OS 
> ir aa Dee (Cynoscion microlepidotus (Cuvier & sa x 
Valenciennes)) 
SO Snes Saar els (Plagioscion squamosissimus Heckel) Xx x 
x Eques lanceolatus (Linn.) ey mee x 
BRANCHIOSTEGIDAE—Blanquillos, Tilefishes 
x Caulolatilus guppyi Beebe & Tee Van x 
ANTIGONIDAE—Boar fishes 
sé Antigonia capros Lowe BMeAsis.: “Seo tae oe. OS 
EpuHippipaE—Spade fishes 
ices, ove Chaetodipterus faber (Broussonet) ek Ke Sex 
CHAETODONTIDAE—Butterfly fishes, Angel fishes 
x Chaetodon bimaculatus Bloch x 
x Chaetodon sp. 
< Pomacanthus arcuatus (Linn.) amine, XS SS 
x Pomacanthus paru (Bloch) ox x sé 
x Holacanthus tricolor (Bloch) ax x x 
ACANTHURIDAE—Surgeon fishes 
é x Acanthurus hepatus (Linn.) SGX ae a EX 
ScoRPAENIDAE—NScorpion fishes 
>< on5 SB Scorpaena plumiert Bloch x ex Ok oS 
Ss Scorpaena brasiliensis C & V MAL os ch) EX 
x Scorpaena agassizii Goode & Bean Seah): : Be, 
x Scorpaena sp. (near bergiz) 
54 Scorpaena sp. 


TRIGLIDAE—Searobins, gurnards 
Ses, Wo. Prionotus alipionis Teague & Myers Conk CRC CET com 


x Prionotus sp. (near séernst Jordan & Swain) 
x Prionotus sp. (nearest carolinus (Linn.)) 
x Bellator militaris (Goode & Bean) XGRHE one ta OK 
DactTyLorpTERIDAE—F lying Gurnard 
x -& Dactylopterus volitans (Linn.) oars 


POMACENTRID AE—Demoiselles 
x Abudefduf sp. 
LABRIDAE—Wrasses 


4 Bodianus sp. (near rufus (Linn.)) Cree Cx.) (x) 
< Halichoeres sp. (nearest radiatus Jordan) Coin sc) GS) (oS) 
SoaripAE—Parrot fishes 
x Cryptotomus sp. (nearest wstus (C. & V.)) cp UAE soon Meco. none HGS) 
x Sparisoma squalidum (Poey) or x (6) (se) 
flavescens (Schneider) 
EcHENEIDAE—Remoras 
SX cee Echeneis naucrates Linn. A: 3 Osea 
2 Roach” oot Remora albescens (Temminck & Schlegel) feoweke ss” see Game SOMOS 
OpuHipiipaAE—Cusk eels 
Lepophidium brevibarbe (Cuvier) ee PSG e ss) eek OS 
BaTRACHOIDIDAE—Toad fishes 
Batrachoides sp. probably swrinamensis Ath x XK kK Kes 
(Schneider) 
iia Nees! OS de Porichthys porosissimus (Valenciennes) re Pe ok con) SKK 
SS ens. matsia Thalassophryne brannerit Starks x 
Bauistipan—Trigger fishes 
x Balistes carolinensis Gmelin sce X x 


SA Balistes vetula Linn. + x ie < < 


. 


XLIV| THE FISHES OF THE BRITISH GUIANA CONTINENTAL SHELF 697 


APPENDIX [—cont. 


British Guiana 
Waters 
Zones (see p. 675) 


Florida and 
W. Indies 

Panama 

Venezuela 


Surinam 
Cayenne 
Brazil 


aa = 
SLL EV Species 
MonacanTuiIpaE—File fishes 
Monacanthus ciliatus (Mitchill) 
Monacanthus hispidus (Linn.) 
Alutera schoepfit (Walbaum) 
Alutera ventralis Longley : 
Alutera monoceros (Linn.) «es unin hog +t 
OsracirpAE—Trunk fishes 
Lactophrys tricornis (Linn.) Sree ek Mir ee 
TETRAODONTIDAE—Puffer fishes 
Sphoeroides dorsalis Longley St Sees. GES. 
Sphoeroides marmoratus (Ranzani) Rive yeaa EX 
Sphoeroides testudineus (Linn.) Ne Te ae OG Mane aX 
Colomesus psittacus (Bloch & Schneider) Tee ra Bi 38 
DropontTIpAE—Porcupine fishes 
Chilomycterus spinosus (Linn.) ct OE ERS ee Se 
x 
x 


SK eS 
= xxx 


Be ae EOE OX. 


Koo 


x X 


~— 


Chilomycterus sp. (? atinga var. (Linn.) TD Ne Re 
ANTENNARIIDAE—Fishing frogs 
x Antennarius scaber (Cuvier) Bee ne nae Puoge ON 
OacocEPHALIDAE—Batfish 
nd. ne eS Ogcocephalus vespertilio (Linn.) Ne Sal eee Deters” boas 
Ne cera Boe Ogcocephalus truncatus (Cuvier & pie tie ace asc. J a eS 
Valenciennes) 
5G carede pecs Ogcocephalus sp. (? nasutus (C. & V.)) 
x Halieutichthys sp. (aculeatus (Mitchill) C(O eee) 
or caribbaeus Garmen) 


Addendum : 

Since the preparation of Appendix I the following additional species of nemato- 
gnaths have been taken from the estuaries and from the coastal waters in the wet 
seasons (see Lowe (McConnell) (in press) ; Sciadeichthys flavescens (C. & V.), S. emphy- 
setus (Muller & Trotschel), S. proops (C. & V.), S. (Selenaspis) passany (C. & NAR: 
(Selenaspis) sp., Brachyplatystoma vaillanti (C. & V.), and Brachyplatystoma spp. 
(2 species). 


Apprnvix II.—Additional notes on certain little known fish species found off 
British Guiana 


It is hoped to publish elsewhere at a later date an annotated list of fish species 
caught off British Guiana. Meanwhile some comment should be made on the 
occurrence of the rarer species listed in Appendix I and certain other species. 

Before this survey was made, the following species appeared to be known only 
from type specimens (or from types and very few others) : Diplobatis pictus, Dasyatis 
gerjskesi, Urotrygon microphthalmum, Aplatophis chauliodus, Cyclopsetta chittendent, 
Holocentrus bullisi, and Caulolatilus guppyt. 

Other species recorded about which special comment should be made include : 
Remora albescens, Mobula sp., Ogcocephalus sp., Halieutichthys sp., Eucinostomus gula 
and EH. argenteus, Isopisthus sp., and Arius of the stricticassis, parmocassis, grandicassis 


group. 
A. Little Known Species 


Diplobatis pictus Palmer, 1950. 
Holotype collected during Arthur Rogers trawl survey off British Guiana and known 
only from this and three specimens taken in Rosaura trawl from 10 and 43 fathoms off 
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Orinoco mouth (Tucker, 1954). During the Cape St Mary survey it was caught 
in ones or twos on numerous occasions, in February, March, April, August and 
September, from Boxes I-VI and from 11-32 fathoms over soft mud and sandy mud 
with shells. All specimens were small, ranging from 9-15 cm. long. Both sexes 
were caught but no females with embryos were noted ; as all specimens were pre- 
served for later study, no stomach contents or gonad states were examined in the 
field. 


Dasyatis geijskest Boeseman, 1948. 


This stingray with its characteristic elongated snout and distinctive ° butterfly 
shaped ’ pelvic fins, previously known only from the type (a juvenile male, disc- 
36 cm. long) taken off Surinam (Boeseman, 1948), was noticed in the R/V Cape St 
Mary catch on one occasion when three large specimens were caught. This was in 
Box I in February 1959, from 11-12 fathoms over mud sand and shell, where it 
occurred together with the relatively common D. guttatus. The colour in life in 
black-grey (contrasting with the brown-grey of D. guttatus) and the sting spine is 
noticeably shorter than in D. guttatus. The stomach of a female, (disc 44 em., 
total length 100 cm.), was full of small shrimps. 


Urotrygon microphthalmum Delsman, 1941 


Previously known from two specimens taken in 20-30 fathoms from the Amazon 
mouth, this small ray was taken in numbers (together with Narcine brasiliensis and 
Gymnura micrura) in February 1959, when strong onshore winds were blowing and the 
fish had moved out, in Boxes I-III in 12-14 fathoms over ‘ mud, sand and shell’. 
Both sexes were taken together. The sizes ranged from eight cm. (disc length) 
/17 cm. (total length) to 15/25 cm.; the dark brown males were smaller than the 
blacker females (males 8/17-11/21 cm. and females 13/24-15/25 cm.). Many of 
these females contained young nearly ready for birth. Two females each contained 
three young, which were born, tailfirst with pectoral fins nearly rolled around the 
body, when 4-5/7-5 cm. long. Unpigmented embryos had a high spiracular structure 
over the eye ; the yolk ribbon was occluded while the embryo was still unpigmented. 
The stomachs of two adult males and three females were full of small shrimps. 


Aplatophis chauliodus Bohlke, 1956 


A splendid specimen of Aplatophis chauliodus, a name signifying with good reason 
the unapproachable tusky one, 87 em. long with hugh teeth, was taken in Box 
VI from 18 fathoms over soft mud in January 1959. Two other specimens between 
60 and 70 cm. long were seen from shrimp trawl catches off Surinam ; one was a 67 cm. 
female full of ripening eggs. This species, previously known only from the types, 
was described from three much smaller specimens (the largest 466 mm. long) taken 
near Puerto Rico. The extraordinary dentition of these larger specimens suggests 
that this species, for which a new genus was created by Bohlke, may one day be 
considered to deserve higher status. 


Cyclopsetta chittendent B. A. Bean, 1894 


This species appeared to be known only from the type collected from Trinidad, 
but has recently been recorded from French Guiana (Durand, 1961). During the 
R/V Cape St Mary survey it was taken in Box V in 24 fathoms over mud in J. anuary 


1959. It is also occasionally to be seen in Georgetown fish market, together with its 
near relative C. fimbriata (Goode and Bean) 


° Ball, Brit, Mus. (Nat, Hist.), Zool.. 2 (6) : 163-214, 
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Holocentrus bullisi Woods, 1955 


Described from the Campeche Banks Mexico, Bermuda and Cape San Blas, 
Florida, this species was occasionally taken, a few at a time, from the offshore deeper 
waters over hard bottoms, for example from 45 fathoms in Box IIT in April 1958. 


Caulolatilus guppyi Beebe & Tee-Van, 1937 


This species, described from Trinidad, was taken on two occasions, both in deeper 
water with the ‘island arc’ fauna, from 50 fathoms in Box I over coral and from 35 
fathoms in Box V over sand, shells and mud. Several specimens all about the same 
size (about 20/23 cm.) were taken each time. 


B. Other Comments on the R/V Cape St Mary Material 
Remora albescens (Temminck & Schlegel) 


Two wrinkled albino remora appear to be referable to Remora albescens (an 
‘Indo-Pacific ’ species rarely recorded from the Atlantic Ocean), although they both 
had only twelve doral laminae. These two fish, both 18 cm. long, were found on 
deck with the large Mobula sp. (see below) caught in Box VI from 22 fathoms in 
February 1959. They were completely pigmentless except for the pale yellow iris 
and black pupil, and are said to live in the gill cavities of manta rays. When caught 
they produced faecel pellets of shrimp remains (the Mobula was packed with shrimps). 
These two remora were kept alive until the end of the cruise (four days) feeding on 
bits of shrimp. They lived, and fed, attached to bottom or sides of an enamel basin, 
upside down or sideways apparently indifferently, staying in the same position for 
days on end. When the water was changed they would make a flying leap at the 
side of the bowl and hang on with the dorsal sucker immediately on contact, and 
often remain above the water for considerable periods, gulping air. The short 
ventral pelvic fins with their stout but well padded, spiny skeleton were shot out 
ventrally, suddenly and with great force, if the ventral surface of the fish was touched, 
presumably an adaptation to ensure that the fish is not crushed by the host. 


Mobula sp. 


Manta rays were seen on several occasions swimming at the surface near the ship. 
One caught in the trawl over 22 fathoms in Box VI in February 1959 was a male 
Mobula sp. three metres (ten ft) wide. This seems very large for the western Atlantic 
species M. hypostoma (Bancroft), which according to Bigelow & Schroeder (1953) 
rarely exceeds four feet in width. The possibility was considered that this might be 
a specimen of the larger-growing Mobula mobula (Bonnaterre), the eastern Atlantic 
form which sometimes strays west and grows to 3-4 metres wide, but this was very 
unlikely as photographs show no tail spines or prickles. The stomach contained 
half a bucketful of small white sergestid shrimps, two small jelly fish and one small 
Trichiurus lepturus. The two Remora albescens came from this fish. 


Ogcocephalus sp. 

The systematics of the batfishes are known to need revision. In British Guiana 
the common batfish over mud in less than 20 fathoms appears to be that figured by 
Ribeiro (1915) from Brazil under the name O. truncatus (Cuvier & Valenciennes), a 
species now considered synonymous with O. radiatus (Mitchill) Jordan, Evermann & 
Clark (1930), Fowler (1941)). The Cape St Mary material when compared with 
specimens of O. radiatus in the British Museum (sent from Texas by Baughman, 
1948) have shorter rostral processes and are not spotted, and suggest that the species 
O. truncatus should be resurrected. It is noted that Durand (1961) now lists. the 
inshore species of batfish from French Guiana as Ogcocephalus sp., and not radiatus 


as in Puyo (1949). 
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Halieutichthys sp. 


The round batfish caught offshore in 25-35 fathoms on several occasions seems 
to be closer to a form of H. aculeatus (Mitchill), recorded from Florida, than to H. 
caribbaeus Garman, though the latter is the species found in the Caribbean and French 
Guiana (Jordan & Evermann, 1900; Durand, 1961). This needs further investiga- 
tion. 


Eucinostomus gula (Cuvier & Valenciennes) and Z. argenteus Baird & Girard. 


These two species are given as synonymous in Jordan Evermann & Clark (1930). 
but from Cape St Mary material, available for further study, it seems that they are 
distinct species. 


Isopisthus sp. 

Some of the Jsopisthus common in catches in the more inshore waters and estuaries, 
from Chinese seines as well as trawl, and included (with Cynoscion jamaicensis) 
under the name ‘ table bashaw ’, differed from I. parvipinnis (Cuvier & Valenciennes) 
previously recorded from Panama to Brazil, including Guiana, mainly by their 
shorter anal fin and the longer gap between the two dorsal fins. 


Arius stricticassis (Cuvier & Valenciennes), A. parmocassis (Cuvier & Valenciennes), 
A. grandicassis (Cuvier & Valenciennes) 

Data collected during the R/V Cape St. Mary survey suggested that these three 
Arius may represent three forms of a polymorphic species and not three distinct 
species. Field evidence for this was : 

(a) these three ‘ species ’ form a series from stricticassis with narrowest occipital 
process and least tooth development (none on vomer and only two palatine patches), 
via parmocassis (wider occipital process and vomerine teeth present in adult but only 
two palatine patches), to grandicassis, with widest occipital process and greatest 
tooth development (vomerine teeth in adult and four palatine patches). On occa- 
ions when any appeared in the catches, all three were generally taken together and in- 
termediate stages were also caught at the same time, between both stricticassis and 
parmocassis and between parmocassis and grandicassis. Moreover there was consider- 
able variability, tooth development not always agreeing with occipital process 
form (for example a ‘ stricticassis ’ occipital process form fish having four patches 
of palatine teeth) ; sometimes tooth patches were better developed on one side of 
the head than the other. It seemed in fact, that there wasa more or less graded series 
of increasing ‘ boniness ’, and it was interesting that the weight for length increas- 
ed with the boniness, being greatest in grandicassis. 

(b) Ripening fish of all three forms were caught at the same time. In all forms 
ripening females were about 50 cm. long. 

(c) Stomach contents showed that small crabs (leucosids) and small shrimps are 
eaten by all forms. 

Material is available for further study of this problem. 
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THE MATACHIINAE, A GROUP OF CRIBELLATE SPIDERS 


By B. J. Marples F.L.S. 
Department of Zoology, University of Otago, N.Z. 
(Accepted for publication December 1961) 


INTRODUCTION 


THE Matachiinae is a subfamily of cribellate spiders whose members are adapted for 
life in insect burrows in the twigs of trees and shrubs. They spin a small web around 
the hole in which they live, with the ladderlike arrangement of calamistrated threads 
commonly seen in the webs of Dictynid spiders. Their distribution, as at present 
known, is in eastern Australia and New Zealand, and there are seven species in two 
genera. A species described from the Baltic amber, of Oligocene age, has been 
placed in the subfamily, but this attribution is by no means certain. The Matachiinae 
has been regarded as a division of the. family Psechridae, but there seems no reason 
for this or for their separation from the Dictynidae. 

In comparing these species some unusual facts have come to light. The two 
species of Matachia found in New Zealand are not only sympatric but are an example 
of a pair of similar species which live together apparantly filliug the same ecological 
niche. A most surprising thing about them is that while M. livoris has a tracheal 
system confined to the abdomen, M. hirsuta has one extending freely into the 
cephalothorax. Such a difference between tracheal systems has been regarded by 
some authorities as being of familial importance, and it is unusual in two species 
which are otherwise structurally very similar. Some of the species of Paramatachia 
have scopulae; these are seldom found in cribellate spiders, except in the Zoropsidae 
and in the Tengellidae. 


SYSTEMATIC 


Dalmas (1917 a), discussing the position of his new genus Matachia, said that it is 
in a very ambiguous position as it has resemblances to several neighbouring families. 
He pointed out that it resembles the Uloboridae in having a transverse thoracic groove, 
an undivided cribellum and a well developed anal tubercle. It resembles the Dicty- 
nidae in the eye-group and in having a uniserial calamistrum, that is one similar to 
those of the principal Australasian Dictynids. Dalmas concluded that, though 
Matachia should possibly be put in a new family of its own, he was inclined to place 
it in the Psechridae, which it resembles ‘ par un ensemble de charactéres et surtout 
par son facies’. Later, when he described Paramatachia (1917 b), he said that the 
resemblance between the male palp and that of Fecenia confirmed his tentative 
attribution of the Matachiinae to the Psechridae. This was accepted by Petrunke- 
vitch (1942), who said that Homatachia undoubtedly belongs to the Psechridae, 
and placed it in the subfamily Matachiinae. 

Dalmas was mistaken in saying that the thoracic groove of Matachia is transverse, 
it is longitudinal. The anal tubercle is not unusually well developed, and an un- 
divided cribellum is common. There are therefore no special resemblances to the 
Uloboridae. 

The Psechridae, as defined by Simon (1892), were characterised by having claw- 
tufts as well as a median claw; the anterior legs much longer than the posterior 
ones; the tarsi very slender but slightly club-ended. The presence together of 
claw-tufts and a median claw appears to be almost unique among Araneomorph 
spiders though it occurs in Cupiennius, one of the Ctenidae (Comstock, 1940). It 
occurs also in the Aviculariidae (Berland, 1933). The Psechrids are large spiders 
which make large sheet-webs, that of Fecenia being slung by threads between trees, 
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while that of Psechrus is horizontal, stretched between rocks or roots, and. formed ae 
a dome. The spider clings below the sheet, after the manner of a Linyphia, an 


carries its cocoon in its chelicerae. 


F 


Fra. 1.—Retrolateral and ventral views of right male palps. A. and B. M. hirsuta. 
C. and D. Ixeuticus martius. FE. and F. M., livoris. 


The Matachiinae differ from the Psechridae in that they have no claw-tufts, and 
their tarsi are not remarkable. Their anterior legs are long, but this seems correlated 
with their habits. They live in hollow twigs and sit with their first three pairs of 
legs directed forwards, as in the tube-inhabiting Segestria, the long anterior pair 
frequently protruding from the entrance and holding the threads of the web. This 
consists of irregular radiating threads on which a ladderlike arrangement of cala- 


XLIV | THE MATACHIINAE, A GROUP OF CRIBELLATE SPIDERS 703 


mistrated threads is laid down, the common Dictynid type of web. The cocoon is 
fixed to the wall of the tube, which is lined very thinly with silk. Another striking 
difference between the Matachiinae and the Psechridae, as defined by Simon, is the 
calamistrum, which in the Matachiinae is uniserial and in the Psechrids is composed 
of hairs irregularly arranged in several rows or in a narrow band. The general ap- 
pearance of the male palp, especially that of Fecenia with its elongated tarsus, is 
similar to that of Matachia. 

Dalmas pointed out that Simon’s family Psechridae was very homogeneous, but 
several genera added later necessitated its subdivision. He divided it into four 
subfamilies, the Psechrinae, Themacryinae, Stiphidiinae and Matachiinae. The 
first comprises Psechrus and Fecenia, the genera known to Simon. The other three 
genera differ in the absence of claw-tufts and in general proportions. The single 
genus T’hemacrys has scopulated tarsi and metatarsi, short chelicerae and divided 
cribellum. Petrunkevitch places it in the family Tengellidae. Stiphidion was 
described from an immature male, but Stiphidiellum, placed by Dalmas in the 
Stiphidiinae, has recently been shown by Forster (1955) to be ecribellate and to be 
Laestrygones minutissimum (Hogg), in the family Perissoblemmidae. 

There seems no reason for placing the Matachiinae in the Psechridae, their re- 
semblances seem to be far more strongly to the Dictynidae, not only in structure but 
also in behaviour and in the form of the web. Authorities differ as to whether the 
larger Dictynids, Oiniflo and others, should be included in the family Dictynidae or 
whether they should be placed in a separate family, the Cinifloidae (formerly Amauro- 
biidae). The Matachiinae resemble these, but here all are regarded as members of 
the Dictynidae. It is doubtful whether the subfamilial rank is justified, but to 
decide this a revision of the Dictynidae is required. The commonest and most 
widespread Dictynid in Australia and New Zealand is Ixeuticus martius, which is a 
large spider frequently inhabiting crevices in buildings and making an extensive 
ladderlike web similar to that of Matachia. The male palp and the epigynum of 
Ixeuticus (Fig. 1 C and D, Fig. 2 E) are not unlike those of the Matachiinae, especially 
Paramatachia. ; 


Sub-Family MaTacHIINAE 


Inhabitants of hollow twigs, with elongated cylindrical body-form, long chelicerae 
directed forward, front legs longer than hind. Leg formula 1:2:4:3. Thoracic 
groove longitudinal; both rows of eyes almost straight; chelicerae with boss ; 
cheliceral groove very oblique with three or four pro and two or three retromarginal 
teeth ; lip long, more than half the length of the maxillae ; calamistrum single ; 
cribellum undivided ; three claws, no claw-tufts ; anterior spinnerets broad at base ; 
plumose hairs. 


genus Matachia Dalmas 1917 


M. livoris Dalmas New Zealand. 
M. hirsuta sp. n. New Zealand. 
genus Paramatachia Dalmas 1917 
P. decorata Dalmas Queensland. 
P. tubicola (Hickman) S. Australia, Tasmania. 
P. media sp. n. Victoria. 
P. cataracta sp. n. New South Wales. 
P. ashtonesis sp. n. New South Wales. 
genus Homatachia Petrunkevitch 1942 
E. latifrons Petrunkevitch Baltic Amber (Oligocene age). 


I. Matachia Dalmas 


Triangular plate between the clypeus and the bases of the chelicerae. Calamistrum 
about half the length of the metatarsus. In the male, the embolus is long, making 
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a full circle of the bulb, the conductor long and slender and accompanied by a hook. 
In the female the ducts to the spermathecae are long and sinuous. New Zealand. — 

The genus Matachia was established by Dalmas (1917) for his species M. ramuli- 
cola. He collected his specimens in the province of Nelson, in New Zealand, but he 
had no male. The male was described by Marples (1956) from the Three Kings 
Islands, which lie off the northern tip of New Zealand. In 1892 Urquhart described 
a single male from Auckland as Tegenaria livoris, in the Agelenidae. Bryant (1933) 
redescribed this specimen and erected for it a new genus Urquhartia, stating in error 
that the promargin of the cheliceral groove had many small teeth. This specimen 
though not well preserved, still exists in the Canterbury Museum, and examination 
of it shows it to be Matachia. This genus has priority over Urquhartia and so the 
species is Matachia livoris (Urquhart). Another species in the genus is here described 
as M. hirsuta n. sp. Chamberlain (1945) described M. rufoflavus from Auckland, 
but examination of his types shows this species to belong to the genus Dictyna. — The 
genus Matachia therefore contains two known species, M. livoris and M. hirsuta 
both from New Zealand. 


1. Matachia livoris (Urquhart) (Figs. 1 E, F. 2A,B. 3B. 4A) 


Tegenaria livoris Urquhart 1892. 
Matachia ramulicola Dalmas 1917. 
Urquhartia livoris Bryant 1933. 


Described by Urquhart from a single male, from Maketu Bush Auckland. The 
type was redescribed by Bryant and is in the Canterbury Museum. It has been 
reexamined and compared with other specimens, and though it has been dried up 
and damaged it is clearly the same as Dalmas’ Matachia ramulicola. He described 
the female from Nelson, and a specimen from this district is selected for description 
below. Marples (1956) described a male from the Three King Islands, and this is 
redescribed here. 

Matzr.—Length 6-72 mm. Carapace pale yellowish brown, slightly darker be- 
tween the eyes and thoracic groove, and with faint radiating streaks. Dark brown 
along the anterior margin. Appendages and sternum pale yellowish brown. Abdo- 
men pale with brown markings. Mid-dorsally are two parallel streaks, behind which 
are three large and three very small chevrons with their apices directed anteriorly. 
Antero-laterally are spots which become streaks along the sides and merge into a 
dark area on each side close to the spinnerets. Underside very lightly spotted. 

Carapace :—Length 3-04 mm., breadth 1:96 mm. Breadth of eyegroup 0-93 mm. 
Low and smooth, truncated abruptly in front. Thoracic groove longitudinal. Free 
triangular plate between the bases of the chelicerae and the clypeus. 

Eyes :—Kight, all pale. From above the anterior row is very slightly recurved, 
the posterior row very slightly procurved. Ratio of the diameters of the eyes and 
of their distances apart : AM, 56; AL, 63; PM, 64; PL, 68; AM-AM, 40; AM-AL, 
101; AM-PM, 62; PM-PM, 94; PM-PL, 108; L-L, 19; Clypeus, 66. 

Chelicerae :—With boss. Long and tapering, the fang long and the groove very 
oblique. Four teeth on the promargin, the next but one to the proximal end being 
the largest. Two small teeth on the retromargin, one opposite the largest promarginal 
one, the other opposite the most distal. A row of bristles parallel to each row of 
teeth, the prolateral being much the larger. Anterior surface of chelicerae with few 
or no bristles. 


Mazillae :—Long with parallel sides, rounded anteriorly and with the median 
corner truncated. 

Lip :—Rectangular, the anterior border slightly concave. A little more than 
half the length of the maxillae. 


Sternum :—Length 1:52 mm., breadth 1-16 mm. Rebordered, Anterior margin 
straight, lateral margins slightly indented. 
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Palp :—Tibia with a bifurcated retrolateral apophysis continuous with a ventral 


ridge. Femur with a median dorsal spine and two distal dorsal ones, patella with 
one. Four trichobothria on tibia. 
Legs : I II iV: iil Palp 
4°95 -~ 4-01 2°78 2°59 1-38 
Pat. and 
Femur tib. Metatarsus Tarsus Total 
Palp 1-62 0:96 ee 1-62 4-20 
soon ox 3°36 5-32 4-69 1-71 15-08 
Helier: 3-16 4-33 3°44 1:26 12-19 
OY 2-33 2°75 2:26 0-53 Af teil 
Ves 2°42 3-11 2°04 0-90 8°47 


Tibial Index I 15-6 Tibial Index IV 9:5 


Three claws, the paired ones with ten pectinations, the median one with two. Tarsi 
with spurious articulations. Trichobothria: six in a row decreasing in size proxi- 
mally on tarsi I and II, two on III, four on IV. Similar rows occur on the metatarsi 
and tibiae. Spines; all legs similar. Metatarsus, 2 pairs and one ventral at the 
distal end, the proximal half with five pro and four retro. Tibia, one distal dorsal, 
two pro and four retro, one ventral. Femur, three distal, two dorsal. The tibiae 
and femora have rows of long curved hairs. No calamistrum. 

Abdomen :—Length 3-84 mm., breadth 1:79 mm. Numbers of hooked hairs 
similar to those on the legs. Anterior spinnerets large and triangular, touching at 
the base. Cribellum undivided. Anal tubercle small. 

In the moulted skin of a penultimate instar of a male the metatarsus IV resembled 
that of a female, and there was a calamistrum composed of 29 hairs. The adult male 
which emerged from this skin had no trace of a calamistrum. The hairs and spines 
were relatively longer and there were in addition the long curved hairs. 

FrmaLe.—Motueka, Nelson. Length 8-03 mm. General colour pale yellowish 
brown, legs somewhat darker distally. Chelicerae, maxillae lip and cephalic part of 
carapace, chestnut. Suggestion of dark chevrons on the dorsal side of the abdomen. 

Carapace :—Length 3-04 mm., breadth 1-71 mm., breadth of eyegroup 1-11 mm. 
Almost parallel-sided but slightly widest opposite leg II. 

Eyes :—From above the anterior row slightly recurved, posterior row straight. 
Ratio of the diameters of the eyes and of their distances apart : AM, 135 ; AL, 166 ; 
PM, 178; PL, 178; AM-AM, 150; AM-AL, 344; AM-PM, 221; PM-PM, 300; 
PM-PL, 457, L-L, 79; Clypeus, 138. 

Chelicerae :—As in male. Some fine hairs near the base of the fang, otherwise 
the anterior surface without hairs except for a group of about six forwardly directed 
ones close to the margin of the carapace. Fang narrowing abruptly at about the 
middle, distal to which there is a double line of serrations. 

Mazillae and Lip :—As in male. 

Sternum :—Length 1-56 mm., breadth 1-08 mm. 

Palp :—Long. Claw with nine pectinations. Tibia, and especially the tarsus 
with many hairs and coarse bristles. Some spines on the tarsus and a dorsal row of 
six or seven short trichobothria, decreasing proximally. Group of three or four at 
the proximal end of the tibia. 


Legs : U Il IV iil Palp 
3°41 2°79 2-22 2-02 1-45 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp 1-35 1-53 = 1-58 4°46 
ol Desteeesnercees 2°47 3°77 2-84 1-29 10:37 
Be rere dees 2-16 3:00 2°33 1-00 8-49 
Thee 1-78 2-00 1:58 0:76 6°12 
Iv . 1-90 2°52 1-70 0-65 6°77 


Tibial Index I 13.2 


Tibial Index IV 12:4 
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Asin male. Stout curved bristles in a row on the ventral side of the femora and more 
numerous on patellae and tibiae I and II, fewer on III and IV. Spines on metatarsi, 
tibiae and femora of all legs. Calamistrum a single row of 33 hairs, bounded at each 
end by a spine. It occupies about half the length of the metatarsus. 

Abdomen :—Length 4:45 mm., breadth 2:29 mm. The dorsal surface with a 
number of curved hairs similar to those on the legs. | Cribellum undivided. Epi- 
gynum as in figures. 


Fic. 2.—Surface views and potash preparations of female epigyna. <A. and B. M. livoris. 
C. and D. M. hirsuta. EH. Ixeuticus martius. 


Tracheal system :—Spiracle close to the cribellum. The branches of the paired 
tracheal trunks are confined to the posterior half of the abdomen. 

Distribution :—Recorded from numerous localities in both islands of New Zealand, 
also from the Three Kings Islands to the north and Stewart Island to the south. 


2. Matachia hirsuta n. sp. (Figs. 1 A,B. 20,D. 3A. 4B.) 


Ma.e.—Length 6-85 mm. (the specimen has the waist more extended than usual). 
Pale greyish-brown, legs faintly annulated with darker. Abdomen with anterior 
median dorsal dark streak, two pairs of oblique dark marks behind, sides and the 
region above the anal tubercle dark. Mid-ventral side dark. Chelicerae, maxillae 
lip and anterior end of the carapace more chestnut-brown. 

Carapace :—Length 2-45 mm., breadth 1:40 mm., breadth of eyegroup 0-77 mm 
Cephalic part square, posterior part slightly swollen laterally. Free triangular plate 
below the clypeus, which is rebordered, projecting horizontally forward in a blunt 
point. Thoracic groove a small dark longitudinal streak. 
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Hyes :—Kight. From above both rows straight or very slightly recurved. Ratios 
of the diameters of the eyes and of their distances apart: AM, 116; AL, 143; PM, 
162; PL, 142; AM-AM, 104; AM-AL, 221; AM-PM, 123; PM-PM, 235: PM-PL, 
250; L-L, 64; Clypeus, 75. 

Chelicerae :—With boss, long, tapering and projecting forwards. The proximal 
anterior region is convex. Groove very oblique. Small tooth at the proximal end 
of the promargin, followed by a large low tooth and two extremely small ones. Retro- 
margin without teeth. 


Mazxillae :—Long and parallel-sided. Median anterior corner truncated and with 
scopula. 


Lip :—Long, approaching ? the length of the maxillae. Tapering slightly towards 
the anterior end, which is notched. 

Sternum :—Length 1:33 mm., breadth 0-88 mm. Convex and_rebordered. 
Straight anteriorly, slightly notched on the sides and a short point between coxae IV. 

Palp :—Femur and patella each with two dorsal spines, tibia with one pro- 
lateral-dorsal spine. Tibia with a dark brown sharp prolateral-dorsal apophysis and 
a large retrolateral-ventral lobe these embracing the base of the tarsus. Posterior to 
the lobe on the retrolateral side is a large dark triangular apophysis. Details of 
palp as in the figures. 


Legs : if Il IV Til Palp 
3°81 2-99 2-09 1-88 1:06 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp... 0:86 0-62 ate 1-10 2°58 
i ies eee, 1-93 3°10 3-11 1-20 9-31 
LD ce eee 2-26 2°35 2-12 0-99 yours 
1g A Hes ae. 1-26 1:64 1:07 0-63 4-60 
Vases 1-32 1:94 1:31 0-56 5:13 


Tibial Index I 15-3 Tibial Index IV 9-6 


Three claws, the paired ones with 12 pectinations, the median one with 2. Dorsal 
rows of trichobothria, decreasing in length proximally, on the tarsi, metatarsi and 
tibiae. Spines.on metatarsi, tibiae and femora. No distinct calamistrum. 

Abdomen :—Length 3-77 mm., breadth 1-66 mm. Some curved bristles at the 
posterior end but none antero-dorsally, or on the femora, as in M. livoris. Cribellum 
undivided. Six spinnerets, the anterior the largest, the median small and the pos- 
terior two-jointed. Anal tubercle small. 

FrmaLe.—Length 6:36 mm. Colour similar to male but the carapace darker 
brown with greyish margins, and an anterior central and three lateral streaks radia- 
ting from the thoracic groove. 

Carapace :—Length 2-63 mm., breadth 1:32 mm., breadth of eyegroup 0-94 mm. 

Eyes :—Ratios of the diameters of the eyes and of their distances apart: AM, 
125; AL, 159; PM, 143; PL, 155; AM-AM, 73; AM-AL, 274; AM-PM, 146; 
PM-PM, 223; PM-PL, 304; L-L, 68; Clypeus, 98. 

Chelicerae :—Promargin of the groove with, on one side of the body, three teeth, 
the central much the largest ; on the other side of the body four teeth, the next to 
the proximal being the largest. On the retromargin two small teeth, one near the 
base of the fang, the other opposite the largest promarginal tooth. 


Mazxillae :—<As in male. 
Lip :—Anterior margin almost straight. 
Sternum :—Length 1-35 mm., breadth 0-92 mm. 


Palp :—One claw with eight pectinations. Many bristles and spines on tibia and 
tarsus. Four trichobothria on tibia. 
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Legs : if Il IV Ill Palp 
2-88 2°31 1-72 1-54 1-24 
Pat. and 
Femur tib. Metatarsus Tarsus Total 
Palp ss: 1:08 1-03 ot 1-16 3°27 
Eetaatase 1-60 2-64 2°30 1-0] 7:55 
Pee 1-51 2-14 1-60 0-82 6-07 
UD eee 1-19 1-32 0:97 0°47 3°95 
Vise 1-35 1-90 0-85 0:41 4-51 


Tibial Index I 13-0 Tibial Index IV 10:1 


Calamistrum a single row of more than half the length of the metatarsus consisting 
of 30 hairs. Not with a spine at each end. 

Abdomen :—Length 4-60 mm., breadth 1:76 mm. Epigynum as in figure. 

Tracheal system :—Spiracle close to the cribellum. The paired tracheal trunks 
give off branches to the abdomen, then each divides into some 20 fine parallel tubes 
which pass up into the cephalothorax. In a fresh specimen the white colour which 
these air-filled tubes give to the under side of the waist is often quite conspicuous. 

Distribution :—Recorded throughout the South Island of New Zealand, but in 
the North Island only from two localities at the southern end. 


G 


Fic. 3.—Diagrams of the main trunks of the tracheal system in the abdomen. 
A. M. hirsuta. B. M. livoris. C. P. tubicola. 


Differences between M. hirsuta and M. livoris 


As compared with MW. livoris, M. hirsuta is smaller and has shorter legs, and is 
greyer in colour. It is more hairy, this being especially noticeable on the anterior 
surface of the chelicerae. In M. livoris this region is without hairs except for a small 
group of long ones near the base. M. hirsuta has few or none of the long curved hairs 
seen on the legs and dorsal surface of the abdomen of M. livoris. The length of the 
calamistrum in M. hirsuta is more than half the length of the metatarsus, in M. livoris 
it is less, and in M. hirsuta it does not have a spine at each end. The male palp and 
the epigynum are of the same type but there are small differences shown in the figures. 
The most striking difference between the two species is in the extent of the tracheal 
system which is confined to the posterior half of the abdomen in M. livoris but extends 
freely into the cephalothorax in M. hirsuta. (Fig. 3A, B). 


Behaviour and Life History 
The two species of Matachia may be collected from the same locality, even from 
the same tree, and no difference between their habits has been detected. They 
inhabit-holes in twigs, almost always those bored by insects, though occasionally 
they are found in hollow twigs which have been broken across. A very common and 
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characteristic habitat is provided by a gall produced by Morova subfasciata Walk., 
a moth belonging to the family Thyrididae, in Muhlenbeckia australis. Muhlen- 
beckia is a woody creeper, which is commonly found growing over shrubs and small 
trees. It has long slender stems which the caterpiller causes to swell into fusiform 
galls some 5 cm. long by 1 cm. at the widest part. When the moth emerges a hole is 
left leading to the hollow interior and in this the spider lives. 

Muhlenbeckia, growing as it does over small trees, tends to provide a relatively 
humid environment. A great deal of the South Island consists of tussock-grassland 
with scattered thorny bushes of Matagourie, Discaria towmatou. This is a very hot 
and dry environment in summer and very cold in winter. At five scattered localities 
M. hirsuta has been found inhabiting beetle holes in Matagourie, and it seems possible 
that it may differ from M. livoris in this respect, though both occur together on 
Muhlenbeckia. 

Dalmas described the habit of living in galls on a creeper, but, curiously enough, 
stated that there was no web, at most only a few threads on the bark. Actually a 
well developed web is constructed. This consists of a number of more or less parallel 
threads, 10 cm. or more in length, attached to the neighbouring twigs but not radiat- 
ing from the hole in which the spider lives. A small network of threads joins them to 
the hole, to which there is very little silken lining. All these threads are of plain 
silk. The calamistrated threads are laid down on the parallel threads in a ladderlike 
fashion. A calamistrated thread runs for a short distance along one of the plain 
threads, crosses to another parallel one, proceeds along it for a short distance then 
passes back to the first, and so on. This ladderlike arrangement of the calamistrated 
threads is common in the Dictynidae. A fairly extensive web may be constructed 
in one night’s spinning. It may be added to subsequently and remain in use for 
some time. Inside the hole the spider rests with three pairs of legs pointing towards 
the opening, and frequently the long anterior pair may be seen projecting and resting 
on the threads of the web. Remains of prey are seldom found in the web, but moths 
and beetles were observed. Captive specimens were observed to drag small insects 
into the hole and to eat larger ones out on the web. If the twig with the hole is 
gathered the spider readily leaves it. This seems to be peculiar behaviour for a 
spider apparently so well adapted for hole-living life. 

It seems that the length of life is longer than one year. Eggs and young of I. 
livoris have only been noted in December and January, those of M. hirsuta between 
November and March. These are the months of the southern summer. These 
observations refer to the south of the South Island. Eggs and young of M. lworis 
were collected in the far north of the North Island in August. Adult females of 
both species have been collected throughout the year, and penultimate instar males 
also. Mature males have occasionally been collected from holes with webs, but as 
they do not possess calamistra they are presumably individuals which have only 
recently undergone their final moult. Mature males are seldom collected, but they 
are taken by beating the bushes, having presumably left their holes in search of a mate. 
The young spiders continue to live in their mother’s hole until they are well grown. 
It is noticeable that many specimens of Matachia may be collected close together, 
while many neighbouring bushes are without them. This is probably due to the 
young leaving their natal hole when already well developed and settling down nearby. 
‘A similar distribution in groups is noticeable also in the Mygalomorphs, which have 
aR Ta a than M. hirsuta. From 12 examples, the aver 

. livoris seems to lay more eggs than M. hirsuta. From 12 examples, 5 
Bed bt M. livoris ae 16-2, with the limits 2-48 while of ten broods of M. 
hirsuta the average was 8-6 and the limits 4-16. The average diameter of the egg 
of M. livoris is 0-94 mm. The egg cocoon, which has a thin covering of white silk, 
is attached to the wall of the hole in which the spider lives. ' 

An attempt was made to follow the life history of M. lworis by measuring the 
length of the carapace of 103 individuals of different ages. Selected individuals of 
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what appeared to be different instars were then boiled in potash for detailed examina- 
tion. The first instar, after the spiderling, has hairs, but the legs are without spines 
and there is no calamistrum., The cribellum appears as a ridge carrying four hairs. 
The lung-books are small, apparently with 7 leaves, but the tracheal system resembles 
that of the adult. The chelicerae have one retromarginal and 2 promarginal teeth. 
The second instar has leg spines, a calamistrum formed of 7 hairs and a functional 
cribellum. There are 2 teeth on the retromargin and 3 on the promargin of the 
cheliceral groove. The third instar has a calamistrum formed of 10 hairs and has 
2 retromarginal and 4 promarginal teeth. The next 24 larger individuals do not 
fall into distinct size groups but seem to include two instars. A small one had a 
calamistrum with 14 hairs, while a large one had 23 hairs and rudiments of sperma- 
thecae. The penultimate instar had 28 hairs, the adult having 33, and the sperma- 
thecae may be visible externally in the intact animal. It is possible that some 
instars have been missed but it appears that the life history includes the spiderling, 
6 instars and the adult, 8 post-egg stages in all. Those up to the third instar are 
found living with the mother. 

One specimen of M. hirsuta was found dead inside its hole and to be infected with 
afungus. I am indebted to Dr. J. M. Dingley of the Plant Diseases Division, D.S.I.R. 
for the information that this was Akanthomyces aranearum (Petch.) which is a para- 
site of spiders apparently with worldwide distribution. 


Il. Paramatchia Dalmas 1917 


No triangular plate below the clypeus. Calamistrum occupying most of the 
length of the metatarsus. In the male the embolus is short and there is no long 
thin conductor nor a hook. In the female the ducts to the spermathecae are short. 
Australia and Tasmania. 

The genus was established by Dalmas (1917 b) when he described both the male 
and female of a species from Queensland, Australia, under the name Paramatachia 
decorata. Hickman (1947) described Neomatachia tubicola from Reevesby Island, 
South Australia. It also occurs in Tasmania, and a male from there is described 
below. 

Neomatachia is here regarded as a synonym of Paramatachia. It resembles it in 
all major features, especially in the structure of the male palp and also in the female 
genital apparatus. Three other species of Paramatachia are here described, one from 
Victoria and two from New South Wales, so that the genus now contains five species. 
It is possible that P. media and P. ashtonensis known from a male and females re- 
spectively, are the same species, but as they were found so far apart they are here given 
separate names. 

The species are distinguishable as follows. The males of P. decorata and P. media 
have no hard process on the tibia of the palp, while those of P. tubicola and P. 
cataracta each have a hard sharp process. On the patella of the palp P. decorata 
has a vertical comb, P. media has an oblique comb, P. tubicola a horizontal comb and 
P. cataracta a hard sharp process. 

Of the females, P. decorata and P. ashtonensis have the spermathecal openings 
some distance apart, P. decorata having an S-shaped duct and P. ashtonensis one of 
medium length. In P. tubicola and P. cataracta the spermathecal openings are 
close together at the extremities of a Y-shaped ridge, whose stem is long in P. cataracta. 
Both have short spermathecal ducts. Ifthe genus Neomatachia is retained, the species 
here called P. cataracta should be assigned to it. 


1, Paramatachia decorata Dalmas (Fig.4C. 5A,B. 6C, D.) 


From Cooktown, North Queensland, Australia. In the Simon collection in the 
Museum National d’Histoire Naturelle, Paris. 
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_MAtz type.—Length 5:81 mm. Carapace chestnut, darkest anteriorly, chelicerae 
still darker. Legs pale brown. Abdomen pale brown flecked with white, anterior 
half with faint longitudinal dark bands, one dorsal and a lateral pair. Posterior half 
with oblique lateral darker bands, the two posterior pairs joined at their dorsal ends 
and above the anal tubercle. Maxillae and lip pale chestnut. Sternum greyish 
brown with narrow darker margin. Underside of abdomen pale brown. 


(| 


tt 


rm 4 Wc p 


Fria. 4.—Metatarsi of leg IV of adult females, showing the extent of the calamistra. 
A. M. liworts. B. M. hirsuta. C. P.decorata. D. P. tubicola. 


Carapace :—Length 2:50 mm., breadth 1:34 mm. Truncated in front, rounded 
behind, with gently curving sides. Widest opposite the second leg. Clypeus over- 
hanging the bases of the chelicerae, no triangular plate between them. Thoracic 
groove a small dark longitudinal streak. Breadth of eyegroup 1:83 mm. 

Eyes :—Kight all pale. Both rows straight. Ratios of the diameters of the eyes 
and of their distances apart: AM, 165; AL, 182; PM, 173; PL, 170; AM-AM, 
120; AM-AL, 225; AM-PM, 173; PM-PM, 200; PM-PL, 237; L-L, 44; 
Clypeus, 100. 

Chelicerae :—With boss. Long, tapering and directed forward. Surface granular 
and the upper surface thickly covered with hairs. Groove very oblique, retromargin 
with two widely spaced teeth, the larger near the base of the fang ; promargin with 
four teeth more closely spaced, the second most proximal being the largest. Fang 
constricted in the middle, its distal half being pale and with a serrated edge. 

Mazxillae :—Longer than lip. Wider distally, the median corner truncated obli- 
quely, the lateral one rounded. With serrula. 

Lip :—Longer than broad, less than 3 the length of the maxillae. Anterior 
margin slightly concave. 

Sternum :—Length 1-26 mm., breadth 0-83 mm. Convex, rebordered. Shield- 
shaped with slight indentations on the sides. 

Palp :—Without spines. Patella with a distally-directed blunt point on its 
retrolateral side, this point being the same pale colour as the general surface, not 
hardened. At its base is a comb consisting of some 15-20 short, dark very closely set 
spines, directed distally. The axis of the group is perpendicular to the axis of the 
limb. Tibia without projections. Rounded dorsally, it has a longitudinal brown 
sinuous ridge ventrally. Details of the palp as in the figures. 


428 
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Legs : I I IV Til Palp 
3:01 2-19 2-16 0:96 
Pat. and 
Femur tib. Metatarsus Tarsus Total 
Palp... 0-90 0:58 Bee 0:90 2-38 
Tin eee 2-80 2-01 0-89 7-56 
‘TUE esor 1-51 1-79 1-50 0:62 5:42 
TV es 1-54 1-83 1:58 0:55 5:50 
Tibial Index I ... Tibial Index IV 7-0 


Three claws the paired ones pectinated seven, the median one two. Dorsal tri- 
chobothria on tarsi and metatarsi. Spines on the metatarsi and tibiae, and | dorsal 
one on the femora. Tibia and metatarsus IT with many long dorsal hairs hooked in 
the proximal direction. Few on III and on tarsus Il. Tarsus II slightly dilated 
and with a scopula along the whole length, slight scopula on tarsus If. Tarsi with 
spurious articulations. 

Abdomen :—Length 3:16 mm., breadth 1:45 mm. Cribellum undivided. Six 
spinnerets, anterior stout and conical, posterior slender. Anal tubercle conical. 

Fremate.—Length 7:13 mm. Colour as in male but the abdominal pattern more 
strongly marked so that all the olique lateral marks arise from a continuous dorso- 
lateral band. Underside of abdomen slightly darker between epigynum and spin- 
nerets. 

Carapace :—Length 2:75 mm., breadth 1-51 mm. Breadth of eyegroup 1-04 mm. 

Eyes :—Ratios of the diameters of the eyes and of their distances apart : AM, 
152; AL, 187; PM, 191; PL, 200; AM-AM, 135; AM-AL, 316: AM-PM, 166; 
PM-PM, 232; PM-PL, 369; L-L, 62; Clypeus, 140. 

Chelicerae :—Shorter and stouter than in male. Fewer hairs on the upper surface 
and these confined to the distal region. The two teeth on the retromargin of the 
groove closer together near the base of the fang. Fang shorter and stouter. 

Mazillae :—Similar to male but less concave laterally. 

Lip :—As in male. 

Sternum :—Length 1-47 mm., breadth 1:03 mm. As in male. 

Palp :—Moderately hairy, tibia with three stout dorsal bristles, one proximal, 
two distal. Claw with three or four pectinations. 


Legs : ut Il IV Tit Palp 
2°74 2-53 1-99 1-97 1-12 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp. .. 1:05 1-07 das 0-96 3:08 
Lice tee 1-87 2-63 2-02 1-00 7°52 
LT oe 1-84 2-58 1-71 0-85 6-98 
LLL Seaers 1-49 Sif) 1-36 0:63 5:25 
iL Vike Bie 1-52 2-14 1:36 0-60 5:62 


Tibial Index I 9:0 Tibial Index IV 8-7 


Three claws, the paired ones pectinated nine, the median one two. Dorsal tricho- 
bothria on tarsi, metatarsi and tibiae. Legs without long curved hairs. No scopulae. 
Metatarsus IV keeled on the dorsal surface, which is lightly concave. Tall conspicuous 
calamistrum arising on the keel and occupying the whole of the length of the joint. 
In one specimen it consisted of 48 hairs. Tarsus with two spurious articulations. 
Abdomen :—Length 4:22 mm., breadth 1-97 mm. Epigynum as in figure. 
Several specimens of P. decorata were collected on Mt. Tambourine near Brisbane 
Queensland, at a height of about 1800 ft. It was not possible to compare them 
directly with the types, but they appeared to correspond except in that the comb of 
bristles on the patella of the male palp is less well developed. The figure of the 
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internal structure of the epigynum is drawn from a Brisbane specimen. The spiders 
were living in beetle-holes in the dead stems of Lantana, and the web consisted of 
radiating calamistrated threads instead of the ladderlike arrangement seen in the 
webs of Matachia and also in those of P. cataracta and P. ashtonensis. One female 
was accompanied by well-grown young, as seen also in Matachia. 


2. Paramatachia ashtonensis n. sp. (Fig. 6 A, B.) 


Ashton Park, Sydney, N.S.W. From beetle holes in twigs, with ladderlike web. 

Frma.e.—Length 6:53 mm. Carapace brown, darkest anteriorly. Chelicerae, 
maxillae and lip very dark brown. Sternum and legs light greyish brown. Abdomen 
light brown flecked with white above, anteriorly a dark patch dorsally and one on 
each side, posteriorly three pairs of oblique lateral marks. 

Carapace :—Length 2:69 mm., breadth 1:50 mm., breadth of eyegroup 0-96 mm. 
Cephalic part convex, widest opposite leg III, groove longitudinal. Two minute 
plates between the clypeus and the chelicerae. 

Eyes :—Kight. From above both rows very slightly recurved. Ratios of the 
diameters of the eyes and of their distances apart: AM, 163; AL, 177; PM, 158 ; 
PL, 163; AM-AM, 110; AM-AL, 212; AM-PM, 88; PM-PM, 212; PM-PL, 284; 
L-L, 90; clypeus, 98. 

Chelicerae :—Convex dorsally near the base. Rough surface with very short 
hairs, a few larger ones on the prolateral and ventral surfaces. Groove oblique, 
promargin with 4 teeth the next to the proximal being the largest. Retromargin 
with 2 teeth near the base of the fang, the distal being the larger. 

Mazillae :—Anterior end slightly expanded, rounded laterally truncated medially. 

Lip :—About 2 the length of the maxillae. Anterior margin straight. 

Sternum :—Length 1:41 mm., breadth 1:02 mm. Margin slightly sinuous, 
rebordered. Anterior margin straight. 

Palp :—Claw with four pectinations. Spines and trichobothria on the tibia and 
tarsus. 


Legs : I It IV Tit Palp 
2-70 2-59 1-97 1-85 1-22 
Pat. and 

Femur tib. Metatarus Tarsus Total 
Palp... 1:16 1-09 sias 1:03 3:28 
DER Or ccoce 1-85 2-49 1-92 1-02 7-28 
A ies eee 1-73 2-45 1-78 1-01 6-97 
UWS Ane 1-40 ihe Ws 1-19 0-65 4-99 
IE Vai 1:52 1-92 1-29 0:56 5:29 


Tibial Index I 9:3 Tibial Index IV 8:0 


Three claws with seven and two pectinations ; pectinated hairs. Three spines on 
the femora ; spines on tibiae and metatarsi. Calamistrum occupies almost the whole 
length of the metatarsus, in one specimen it had 34 hairs. 
‘Abdomen :—Length 4-01 mm., breadth 1:87 mm. Epigynum as in figure. 
Cribellum undivided, spiracles immediately anterior to it. 
Treacheal system :—Atrium with 2 large trunks supplying the abdomen only. 


3. Paramatachia media n. sp. (Fig. 5 C, D.) 


Single specimen from mallee scrub, Djerriwarrh Creek, Victoria, Australia. 
Living in a hollow twig. With a web, of ladderlike type. 

Matr.—Length 5-14mm. Carapace pale chestnut darker round eyes. Chelicerae 
dark brown, legs pale brown. Abdomen dark in front with patches along the sides. 
Dark patch over the heart, followed by three or four oblique dorso-lateral patches 
and one above the anal tubercle. Abdomen dark mid-ventrally. 
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Fie. 5.—Retrolateral and ventral views of right male palps. A. and B. P. decorata. 
C. and D. P. media. E. and F. P. cataracta. G. and H. P. tubicola. 
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Carapace :—Length 1:97 mm., breadth 1:11 mm. Truncated in front, slightly 
curving sides, widest opposite leg II. Clypeus overhanging the chelicerae, no tri- 
angular plate between them. Thoracic groove a small dark longitudinal streak. 

Hyes :—Kight. From above both rows very slightly recurved. Ratios of the 
diameters of the eyes and of their distances apart: AM, 146; AL, 120; PM, 132; 
PL, 115; AM-AM, 92; AM-AL, 164; AM-PM, 120; PM-PM, 153; PM-PL, 227; 
L-L, 90; Clypeus, 39. 

Chelicerae :—Long, tapering and directed forwards. The anterior surface near 
the base convex and covered all over with hairs arranged in transverse rows. Groove 
very oblique. Promargin with a large tooth near the proximal end with a very 
small tooth on each side of it. Retromargin with a tooth near the base of the fang 
and another, about half the size, opposite the small distal promarginal tooth. A row 
of specially long and strong hairs parallel to the promargin. 

Mazxillae :—Slightly wider distally, median corner truncated, and with slight 
scopula. 

Ip :—About 3 the length of the maxillae, anterior margin concave. 

Sternum :—Length 1:10 mm., breadth 0-76 mm. Convex, strongly rebordered. 
Anterior margin straight. Slight indentations opposite coxae III and IV. 

Palp :—Without spines but some stout bristles on the tibia. The patella has a 
short dark-brown ridge obliquely placed on the retrolateral side. It is crowned by two 
crests, the inner smooth the outer notched. Tibia expanded distally to embrace 
the base of the tarsus, but into hairy processes not hard apophyses. Hard brown 
ventral ridge of complex shape. Details of palp as in figures. 


Legs : I II IV Tit Palp 
3-21 3-09 2-35 2-19 0-99 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp 0:74 0-45 fae 0-76 1-95 
hac, oA 1-43 2-22 1-71 0-88 6-29 
eee 1-52 2-23 1-50 0:84 6-09 
These 1-22 1-51 1-08 0-50 4-31 
Vereen 1-29 1-73 1-11 0:50 4-63 


Tibial Index I 10-2 Tibial Index IV 8-9 


Three claws, paired ones with nine pectinations, median one with 2. Dorsal tri- 
chobothria on tarsi, metatarsi and tibiae. Spines on metatarsi, tibiae and one dorsal 
one on each femur. Very slight suggestion of calamistrum. Slight scopula on legs 
1, II and ITI. 

Abdomen :—Length 2:86 mm., breadth 1-27 mm. Cribellum undivided. Anterior 
spinnerets stout and conical, anal tubercle small. 


4, Paramatachia tubicola (Hickman) (Fig.3C. 4D. 5G,H. 6H, G) 


Neomatachia tubicola Hickman 1947. 

Described from a female from Revesby Island, South Australia. Male allotype. 
Collected at Risdon, Tasmania by V. V. Hickman. 

Matz.—Anewly moultedspecimen. Length 6-34mm. Carapace pale greyish-brown, 
black around the eyes. Chelicerae dark greyish-brown, legs pale with dark hairs 
and spines. Middle third of the tibia paler than the ends. Maxillae and lip greyish- 
brown, sternum grey. Abdomen, ground-colour pale mottled with white, grey 
ventrally between the waist and posterior spiracles. Conspicuous dark dorsal and 
lateral pattern, consisting of a median band above the heart and a small mark above 
the anal tubercle. A transverse band above the waist extending back halfway along 
each side, and, posterior to it, four oblique lateral bands. ‘The first two are continu- 
ous dorsally, the last with the mark above the anal tubercle. 
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Carapace : Length, 2-46 mm., breadth 1-25 mm., breadth of eyegroup 0-77 mm. 
Rectangular with slightly rounded sides, widest opposite leg II. Thoracic groove 
a small longitudinal dark streak. No triangular plate between the carapace and the 
bases of the chelicerae. , : 

Eyes : 8, all pale. From above, front row slightly recurved, hind row very slightly 
recurved. Ratios of the diameters of the eyes and of their distances apart : AM, 
142; AL, 145; PM, 134; PL, 200; AM-AM, 101; AM-AL, 253; AM-PM, 149; 
PM-PM, 188; PM-PL, 266; L-L, 62; Clypeus, 89. 

Chelicerae : Conspicuous pale boss. Long, directed forward, convex anteriorly 
near the base. Surface tuberculated with a very short hair on each tubercle, be- 
coming long distally and on the edges of the groove. Groove very oblique, 2 retro- 
lateral teeth near the base of the fang the distal the larger, 4 prolateral teeth the 
second proximal the largest. ; ] 

Maxillae: Long, slightly concave laterally, rounded anteriorly with the median 
corner very obliquely truncated. : 

Lip: More than half the length of the maxillae. Straight, slightly notched, 
anterior margin. ; 

Sternum: Length 1:26 mm., breadth 0-91 mm. Shield-shaped with slight pro- 
jections opposite the coxae. Rebordered. : 

Palp: Patella with a dorso-retrolateral longitudinal dark ridge with a serrated 
edge. Tibia rounded prolaterally embracing the tarsus, but with a sharp, dark, 
retrolateral apophysis directed distally. Ventro-retrolaterally there is a sinuous, 
scroll-like ridge. Tarsus bluntly pointed. Conductor and adjacent process short. 
Details as in figures. 


Legs : I II IV Til Palp 
3°28 3-11 2°38 2-34 1:10 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp... 1-15 0-59 oie 0-96 2-70 
NG aenenans 1-83 2-97 1-21 1-07 7:08 
110 Weeacceser 1-83 2-82 1-00 1-02 6-67 
TL. 1-57 2-12 1-42 0:66 5:77 
TV eee 1:50 2-33 1-51 0:54 5°88 


Tibial Index I 13-1 Tibial Index IV 9-7 


Three claws, paired ones with 7 pectinations, median one with 2. Tarsi, meta- 
tarsi, and to a lesser extent the tibiae, covered with long, dark proximally-curved 
hairs. Spines on metatarsi and tibiae and a dorsal one on the femora. Dorsal row 
of trichobothria, increasing in length distally, on metatarsi and tarsi. No scopula 
and no calamistrum. 


Abdomen : Length 3:35 mm., breadth 1:88 mm. A few scattered straight hairs 
about twice the length of the general hairs. Anterior spinnerets conical, others 
slender. Conspicuous undivided cribellum. Anal tubercle conical. 

Fremaue. From Risdon, Tasmania. Collected with the male by V. V. Hickman. 
Length 6-10 mm. Colour as in male only more intense. 


Carapace: Length 2:55 mm., breadth 1-38 mm., breadth of eye group 0-86 mm. 


Eyes : Both rows slightly recurved. Ratios of the diameters of the eyes and of 
their distances apart: AM, 147; AL, 157; PM, 142; PL, 149; AM-—AM, 135; 
AM-AL, 180; AM-PM, 160; PM-PM, 251; PM-PL, 239; L-L, 134; Clypeus, 
146. 

Chelicerae, Maxillae and Lip: As in male. 


Palp: Claw with 4 pectinations. Tarsus with bristles, hairs, 2 prolateral spines 
and 2 pairs of short ventral spines close to the distal end. 


XLIv] 


THE MATACHIINAE, A GROUP OF CRIBELLATE SPIDERS Ware 


Fic. 6.—Surface views and potash preparations of female epigyna. A. and B. P. ashtonensis. 


C. and D. P. decorata. E. and G. P. tubicola. F. and H. P. cataracta. 
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Legs : I II IV Tit Palp 
2°71 2°45 2-30 2-26 1-07 
Pat. and 

Femur tib. Mtatarsus Tarsus Total 
Palp... 1-12 0:98 aoe 0-64 2-74 
ie OED 1-64 2°45 1-84 1-00 6:93 
TAS, 1:52 2-29 1-54 0°88 6-23 
TED cm 1-28 1-58 1-12 0-61 4-59 
TV. ra 1-34 1-78 1:17 0-54 4-83 


Tibial Index I 10-0 Tibial Index IV 7-9 


Paired claws with 6 pectinations, median claw with 2. Spines on metatarsi 
and tarsi and one dorsal one on the femora. Metatarsus IV concave on the pro- 
lateral side so that the calamistrum lies on a brown slightly concave dorsal ridge, and 
extends almost the length of the joint. In one specimen it consisted of 38 hairs. 

Abdomen: Length 3-75 mm., breadth 1-72 mm. Epigynum as in figure. Con- 
spicuous undivided cribellum, posterior spiracles immediately anterior to it. A 
transverse atrium gives rise to a lateral pair of tracheae and a stout median pair 
which ramify in the posterior half of the abdomen only. 


Paramatachia cataracta n. sp. (Figs.5 E, F. 6 F, H.) 


Cascade Reservoir, Sydney, N.S.W. From beetle holes in twigs with ladder-like web. 

Mate. Length 5-25 mm. Carapace dark brown with streaks radiating from the 
groove. Chelicerae, lip, maxillae and sternum dark brown. Appendages pale, 
faintly, annulated. Abdomen pale with white patches. A black patch over the 
heart and posteriorly. Ventral side dark and a dark patch on each side towards 
the front. Postero-laterally 3 oblique black marks on each side, coalescing dorsally. 

Carapace : Length 2:28 mm., breadth 1-21 mm., breadth of eye group 0-73 mm, 
Low and smooth, widest opposite leg II. Groove longitudinal. No plate between 
clypeus and chelicerae. 

Eyes: 8. From above anterior row very slightly recurved, from in front pos- 
terior row slightly procurved. Ratio of the diameters of the eyes and of their dist- 
ances apart: AM, 142; AL, 149; PM, 146; PL, 142; AM-AM, 132; AM-AL, 
168 ; AM-PM, 121; PM-PM, 169; PM-PL, 170; L+L, 88; Clypeus, 93. 

Chelicerae : Long, with boss, groove oblique. Promargin with 4 teeth removed 
from the base of the fang, the next to the proximal one being the largest. Retro- 
margin with 2 teeth, the larger near the base of the fang, the smaller opposite the 
next to the distal promarginal tooth. Anterior surface covered with bristles. 

Mazxillae : Long, rounded anteriorly and truncated at the median corner. 

Lip : Much longer than broad, 2 the length of the maxillae. Narrower anteriorly 
where the margin is concave. 

Sternum: Length 1:16 mm., breadth 0-84 mm. Convex, rebordered. Anterior 
margin straight, sides indented. 

Palp : Patella with dorso-retrolateral ridge prolonged into a sharp process which 
is dark and hard and directed distally. Tibia with a hard dark distally directed 
process on the retrosurface, and a ventral scroll-like ridge. Two trichobothria. 
Details of palp as in figure. 


Legs : I Il IV Tit Palp 
2°74 2°51 2-02 1:83 0-99 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp... 0:96 0:52 aes 0:78 2-26 
d Neen stone 1:46 2-55 1-59 0-92 6-52 
1 Ace 1:38 2°12 1-39 0:83 5:72 
EN aes 1-11 1-47 1-06 0:55 4-19 
CVE ere 1-22 1-73 1-16 0-48 4-59 


Tibial Index I 8-7 Tibial Index IV 8-2 
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Three claws, with 9 and 2 pectinations. Trichobothria on tarsi, metatarsi and tibiae. 
Spines on metatarsi and tibiae and one on the dorsal side of each femur. No cala- 
mistrum. Scopula on legs I and IT. 

Abdomen : Length 2:79 mm., breadth 1:44 mm. Cribellum undivided. 

Fematz. Length 7-53 mm. Carapace brown, darker anteriorly. Chelicerae, 
lip, maxillae and sternum dark brown. Appendages pale and slightly annulated. 
Abdomen as in male but the dark markings less distinct. 

Carapace : Length 2-55 mm., breadth 1:36 mm., breadth of eye-group 0-90 mm. 
Widest anteriorly, more convex in the cephalic region, groove longitudinal. Two 
minute plates between the clypeus and the bases of the chelicerae. 

Hyes: 8. Ratios of the diameters of the eyes and of their distances apart : 
AM, 142; AL, 180; PM, 129; PL, 135; AM-AM, 142; AM-AL, 220; AM—PM, 
131; PM-—PM, 215; PM-PL. 147; L-L, 85; Clypeus, 107. 

Chelicerae : Less elongated and more swollen than in the male. Teeth similar. 

Mazillae and Lip : Similar to male but the anterior margin of the lip convex. 

Sternum : Length 1-25 mm., breadth 0-96 mm. 

Palp : Spines on tibia and metatarsus. 


Legs : i II IV Tit Palp 
2-61 2-37 1:87 1-65 1:05 
Pat. and 

Femur tib. Metatarsus Tarsus Total 
Palp..: 0-96 0-90 ee 0-56 2-42 
Ue see, 1-61 2-32 1-68 1-03 6:64 
[ily .. tees 1-53 207 1-48 0-85 6:03 
ERT ponte se 1-16 1-48 1-03 0-52 4-19 
1 Varn eee 1:29 1:86 1-03 0-55 4-73 


Tibial Index I 9-5 Tibial Index IV 8:3 


Three claws, pectinations 9 and 2, pectinated hairs. Spines on metatarsi, tibiae, 
one on each femur and a ventral one on the tarsi near the claws. Row of tricho- 
bothria decreasing in size proximally, on the dorsal side of tarsus and metatarsus. 
Calamistrum almost the whole length of the metatarsus and with about 35 hairs. 
Abdomen: Length 4:24 mm., breadth 1:98 mm. Epigynum as in figure. Con- 
spicuous undivided cribellum with the spiracles immediately anterior to it. 
Tracheal system: Atrium giving rise to two trunks supplying the abdomen only. 


III. Homatachia Petrunkevitch 


This genus was erected by Petrunkevitch (1942) to include six specimens of adult 
male spiders fossilized in Baltic Amber of Oligocene age, which he placed in the 
species Homatachia latifrons. He states that it undoubtedly belongs to the family 
Psechridae, and agrees with the chief characters of the Matachiinae. These are the 
absence of claw-tufts, the cribellum entire, the lip long and the anterior legs longer 
than the posterior. He separates the genus from Matachia on the sizes and distances 
apart of the eyes and on the leg order 1:4:2:3, and from Paramatachia on the 
shorter calamistrum. 

Eomatachia resembles the other Matachiinae in the presence of an undivided 
cribellum, broad anterior spinnerets and plumose hairs. It differs in the leg order, 
the shape of the lip, the thoracic groove which is ellipsoidal and deep, and in the 
male palp. The details of the bulb are not known, but the tarsus seems a different 
shape and the tibia has four large apophyses. The body is less long and narrow and 
the chelicerae shorter and less projecting. It is possible that Eomatachia should be 
associated with the Recent genera, but this seems by no means certain. 
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SUMMARY 


The Matachiinae is a small group of cribellate spiders occurring in eastern Australia 
and in New Zealand, where the genera are Paramatachia and M atachia respectively. 
Four new species are described, P. ashtonensis, P. cataracta, P. media and M. hirsuta, 
bringing the total to seven. The group has been regarded as a subfamily of the 
Peschridae, but there seems to be no evidence for this. It probably belongs to the 
Dictynidae, and the subfamilial rank may not be justified. Eomatachia, from the 
Baltic Amber of Oligocene age, has been placed in the group, but this seems by no 
means certain. All species inhabit insect holes in twigs, and they spin webs of the 
Dictynid type. It is remarkable that while the tracheal system of M. livoris is 
confined to the abdomen, that of the otherwise very similar M. hirsuta extends 
freely into the cephalothorax. 
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SOUND PRODUCING APPARATUS IN AN INDIAN CATFISH SISOR 
RHABDOPHORUS HAMILTON 


By C. L. Manasan 
Zoology Department, University of Rajasthan, Jodhpur. (India) 


(With a figure in the text) 
(Communicated by E. Trewavas, F.L.S.) 


(Accepted for publication October 1962) 


INTRODUCTION 


Sisor rhabdophorus (Hamilton) is a rare and peculiarly modified siluroid confined to the 
upper reaches of north Indian rivers. During a detailed study of the morphology 
and physiology of this fish, a sound producing apparatus similar to that reported by 
Haddon (1881) and Bridge & Haddon (1893) in Callomystax gagata (= Gagata gagata) 
was discovered. <A brief report of the same is given below. Both G. gagata and 
S. rhabdophorus are members of the family Sisoridae. 


MaTERIAL AND METHODS 


The material for the present investigation was collected from Kali nadi, a small 
stream flowing west of Muzaffarnagar town (Uttar Pradesh, India), in the months of 
October, November and December 1960. Observations on the mechanism of sound 
production were made on live fish in the aquarium while the structural aspect was 
studied by dissection of preserved specimens, preparation of dry skeletons and alizarin 
transparencies using Hollister’s method (1934). 


OBSERVATIONS 


In Sisor rhabdophorus structures connected with sound production (Fig. 1) are formed 
by the modification of a few of the anterior vertebrae and the first interspinous bone 
of the dorsal fin. As in many other siluroids, the first five vertebrae are greatly modi- 
fied and are immovably joined with each other and the occipital region of the skull. 
The highly developed neural spines of the complex vertebra (N.S.2, 3 and 4) are 
indistinguishably fused with one another to form a high, laterally compressed lamina 
of bone which has a sutural union with the supraoccipital process (SOP.) antero- 
dorsally while posterodorsally it is bifid into two laminae each bearing on its inner 
surface a series of about 28-32 close-set vertical ridges (R.). These laminae extend as 
far back as the posterior limit of the sixth vertebral centrum and cover the neural 
spines of both the fifth and sixth vertebrae. The two laminae are separated by a space 
sufficiently wide to receive the modified portion of the first interspinous bone of the 
dorsal fin (IS,.) which has 13 to 15 ridges (R,.) on both its surfaces and gives the 
~ appearance of a double file. The nature of these ridges is the same as that found on 
the inner surface of the bifid laminae but they are comparatively better formed. The 
fifth vertebra, although immovably joined with the complex vertebra, can be clearly 
distinguished from it. There is a distinct line demarcating the neural spine (NS5.), 
the neural arch and the transverse process (TP;.) of the fifth vertebra from those of 
the complex vertebra. 

The sound is produced when the file-like structure of the first interspinous bone of 
the dorsal fin rubs against the inner ridged surface of the bifid laminae formed by the 
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neural spines of the complex vertebra. This is made possible by the forward and 
backward movements of the first interspinous bone of the dorsal fin in the vertical 
plane. This movement is brought about mainly by two sets of muscles : a massive 
pair attached anteriorly to the lateral surfaces of the fused neural spines behind the 
bifid portion and posteriorly.to the lamellar base of the first and second interspinous 
bones of the dorsal fin ; and a single median muscle attached anteriorly to the posterior 
tip of the supraoccipital process and posteriorly to the anterior tip of the first inter- 
spinous bone of the dorsal fin. The intervertebral ligament between the fifth and 
sixth vertebral centra acts as a padded fulcrum, being of exceptionally great width 
thus facilitating an unusual degree of vertical and lateral mobility between the fifth 
and preceding vertebrae (together with the skull )and sixth and succeeding trunk 
vertebrae. 

The fish produces a very distinct and audible sound when caught in the aquarium 
and the intensity of sound increases considerably when the fish is taken out of water. 
Even in preserved specimens the sound production can be demonstrated by flexing 
the body in the vertical plane. This is true as much of a small specimen of 40 mm. 
(standard length) as that of a full grown fish of 160 mm. (standard length). 


Discussion 


The sound producing apparatus in Sisor rhabdophorus resembles in most respects to 
that described by Haddon (1881) and Bridge & Haddon (1893) in Callomystax gagata 
but certain important differences noted during the course of investigation may be 
discussed. Bridge and Haddon (op. cit.) have stated that the neural spine of the fifth 
vertebra also contributes to the formation of the lamina bearing the ridged portion and 
that it is indistinguishably fused with that of the fourth vertebra (posterior part of the 
complex vertebra). In Sitsor, however, the line of demarcation between the neural 
spine of the fifth vertebra and the complex vertebra is clearly distinguishable as 
described above and it is further seen that the former does not contribute to the ridged 
portion of the bifid laminae of the complex vertebra but only meets them postero- 
ventrally. Further, the two bifid laminae (‘the two plates’) were considered by these 
authors to represent the ‘cleft spines of the fourth and fifth vertebrae’ only. As the 
neural spine of the fifth vertebra in Sisor clearly does not take part in the formation 
of the two laminae, these may logically be considered to have been derived entirely 
from the neural spine of the fourth vertebra. However, in the absence of any embryo- 
logical evidence to support this assumption, it has been considered advisable not to 
commit on this point. 

The significance of this apparatus may be two fold. Firstly as in other fishes these 
sound producing organs appear to be a means of defence. In Sisor, with the help of 
the sound produced, the fish seems to warn the prospective enemy of its distasteful 
nature and of the presence of hard spines on the pectoral fins capable of inflicting 
severe wounds. It might also be useful during breeding season for gathering in shoals 
to ensure fertilization of the eggs. This may be correlated with the bottom living 
habit and the extremely poor development of sight in these catfish. 

Investigations are in progress to find out the detailed mechanism of the working of 
this apparatus and of other physiological aspects together with a comparative study in 
related catfishes to trace, if possible, the evolution of this apparatus. 


SUMMARY 


Sound producing apparatus in Sisor rhabdophorus is described. The apparatus is 
formed by the modification of the neural spines of a few of the anterior vertebrae and 
the first interspinous bone of the dorsal fin. Significance of sound production in this 
species is discussed. 
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THE FLY PTILINUM: TACTILE RECEPTORS AND THEIR FUNCTION 
AT EMERGENCE 
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INTRODUCTION 


Larne (1935) described in detail the musculature of the ptilinum of Calliphora ery- 
throcephala, and at the same time reviewed all literature on the organ prior to this date. 
More recently Atkins (1949) described the ptilinum of Drosophila melanogaster, which 
in all essential details resembled that of Calliphora. In all of the works describing 
this organ no attention has been given to its innervation. 

Laing described six groups of extrinsic ptilinal muscles, which were connected with 
the distension and contraction of the ptilinum and other parts of the head during emer- 
gence. In addition, she described three groups of intrinsic muscles (Fig. 1, A) that 
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Fic. 1. a. Lateral view of head of fly to show intrinsic ptilinal muscles (after Laing). 3B. Lateral 
view of head of fly to show innervation of ptilinum. 


actually have their insertions on the ptilinum, and are responsible for retraction of the 
organ. These are (1) the transverse ptilinal muscle, (2) the ptilino-oesophageal 
muscles, and (3) the ptilino-tentorial muscles. 

The surface of the ptilinum was described by Laing as being covered by ‘spinules’, 
regularly arranged and with no difference in shape in different parts of the organ ; 
the thin layer of cuticle was secreted by a syncytial epidermis. 

At emergence Laing reported rhythmic pulsations, produced by the co-ordinated 
activity of blood pressure and muscle contractions. These continued whilst the oper- 
culum or puparium top was being thrust off and whilst the fly pushed its way through 
the soil. Once the fly was free the ptilinum was withdrawn ; subsequently a large 
proportion of the cuticle was reabsorbed and the three sets of intrinsic muscles (and 
most of the extrinsic) degenerated and disappeared. Atkins (1949) whilst reporting 
similar phenoma in Drosophila suggested that the disappearance of the muscles 
resulted from enzymatic rather than phagocytic action, 
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The object of the present communication is to describe the innervation, the distri- 
bution, and the structure of a series of minute hairs, which, with careful searching 
under high magnifications can be found dispersed among the regularly arranged 
‘spinules’. The appearance of the hairs, their innervation by a single bipolar nerve 
cell, and the behaviour of the fly on suitable stimulation of the ptilinum, all suggest 
that these are tactile hairs, and that the ptilinum, besides aiding in the mechanical 
emergence of the fly from the puparium and its subsequent passage through the soil, 
at the same time functions as a tactile receptor organ. In consequence, the fly passes 
through the soil by a series of ‘avoiding reactions’. 


MATERIALS AND METHODS 


All of the plates and figures specifically illustrate the structures in the fly Sarcophaga 
bullata. However, they could apply equally well for Phormia regina which has also 
been studied. Preliminary observations on Drosophila also indicate similar relation- 
ships, and this probably applies for all Cyclorrhapha Schizophora which possess a well 
developed ptilinum. 

The bulk of the observations were made by micro-dissection of the developing 
pupal and adult heads, in ventral, dorsal and lateral view. The dissections were per- 
formed with and without saline, and with and without prior irrigation with methylene 
blue. It was investigation of the innervation of the developing pupal head that 
initially suggested the possibility of the presence of sensory structures associated with 
the ptilinum. Experiments involving stimulation of the ptilinum confirmed the 
suspicion of a possible sensory mechanism. Subsequent systematic study of the 
surface of the ptilinum to discover structures which could possibly be responsible for 
registering the stimuli, revealed the presence of the minute hairs or spines scattered 
amongst the flattened ‘spinules’. These were best seen in cleared and mounted, 
unstained preparations of the ptilinum. The hypodermal cells and the nerve supply 
were studied by staining with methylene blue, and by staining whole mounts with 
chlorazol black E. Dissections and preparations were made from pupae of all ages 
and on adults both at and subsequent to emergence. Lacto-acetic-orcein used to 
determine the presence of dividing cells in squashes of nerve material showed details of 
the nuclei of the nerve cells in the ‘ptilinal ganglion’ and of the neuroglial cells. 


OBSERVATIONS 
The Tactile Hairs 


These are fine hairs, round in cross section, and approximately 15 / long, tapering to 
a fine point. They lie almost vertical to the ptilinal surface, and extend well beyond 
the flattened ‘spinules’, which are virtually no more than characteristically ridged, 
slightly raised areas of cuticle, more deeply pigmented than the intervening cuticle. 
The form of the tactile hairs can be seen in Plate 1, p, ¥F, and their distribution in 
Plate 1, m. The form of the ‘spinules’ can be seen in Plate 1, p, BE, and F. 


The Hypodermis 


During the development of the ptilinum the hypodermis at all times consists of a 
single layer of distinct cells. The appearance of a syncytium, such as was described 
by Laing for Calliphora, certainly does not apply in the case of Sarcophaga and 
Phormia. During development, pairs of cells differentiate which stain more intensely 
with methylene blue and with chlorazol black E. than do the surrounding hypo- 
dermal cells. In preparations of late pupae in which adult cuticle has been 
secreted, these pairs of cells correspond in position with the site of the endings 
of the fine nerve fibres and with the position of the tactile hairs; this can be de- 
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termined by focusing at different levels in the same preparation. The two cells are 
the trichogen and tormogen cells, responsible for the formation of hair and socket 
respectively. Once the adult basement membrane of the hypodermis has been 
secreted, whole surface views of the hypodermis do not show the cellular relationships 
as clearly as they do in the developing pupal stages when no basement membrane is 
present. This absence of a basement membrane and of other connective tissue 
elements in the pupal stage, has been described and discussed in Whitten (1962). 


Innervation of the Ptilinum 


The innervation of the ptilinum is more easily determined in the developing pupa, 
than itis in the late pupa and adult when the nerves are obscured by air sacs and by the 
ptilinal muscles. In the mid-pupal stages the antennal nerve can be seen passing 
from the antennae to the antennal centre of the brain. Shortly after leaving the base 
of the antenna each antennal nerve is joined by a broad nerve (Fig. 1, B and Plate 
2, 4) which shortly expands into a ganglion-like swelling. This swelling does in fact 
contain ganglion cells, which stain deeply with methylene blue. Axons and dendrites 
can be seen clearly arising from these ganglion cells (Plate 2, a and an enlarged view 
of the area O, shown in B is a somewhat poor example as seen unstained, with a 
phase contrast microscope). 

The ganglionic swelling or what may be called ‘the ptilinum ganglion’ gives off 
very many fine nerves, which themselves sub-divide. The ultimate branches pass (a) 
to the ptilinal muscles and (b) to the surface of the ptilinum. Since some of the 
branches pass to the muscles, the fibres running in these nerves are probably in large 
part motor. Thus the antennal nerve (which these motor fibres eventually join) for a 
part of its course carries these motor components as well as sensory. 

For some time it proved difficult to determine with certainty the exact endings of 
the ptilinal nerve fibres with respect to the tactile hairs on the outer surface. Although 
methylene blue stained the nerve fibres and sensory nerve cells, staining was not 
sufficiently intense to determine the exact point at which the nerve passed through the 
basement membrane of the hypodermis. Likewise serial sectioning was of little help 
in determining the spatial relationship of particular tactile hairs with particular nerve 
fibres. Eventually, surface staining of whole mounts with chlorazol black E, demon- 
strated the nerve endings in a striking manner. (See Plate 1, 4, B). Each of the 
nerve endings seen in Plate 1, a and B, could, by changing the focus, be seen to 
innervate a particular tactile hair. 

The individual tactile hairs appear to be served by a single sensory cell ; this is 
bipolar, its dendrite extending a short distance from the base of the hair before entering 
the sensory neuron. The axon passes posteriorly to join, and run alongside, other 
nerve fibres, which all eventually pass into the ptilinal ganglion. The nerve fibres are 
accompanied by neuroglial cells which occur at fairly frequent intervals (Plate 2, @), 
in much the same way as was shown by Wigglesworth (1953) for Rhodnius. At the 
level of the sensory neuron itself there is a conspicuous swelling (Plate 1, a-c; Plate 
2, 8, F) and in every case there is a second nucleus present. This second nucleus has 
the general appearance of a neuroglial cell nucleus, and in this respect again shows 
striking similarity to Wigglesworth’s tactile hair innervation for Rhodnwus. 

Although the larger nerves from the ptilinum have not been sectioned or teased to 
determine their cellular relationships, this has been done for developing adult haltere 
nerves. It was found that in the nerves serving the halteres the neuroglial cells form 
fine extensions which are produced into a network of cytoplasmic strands ; individual 
extensions of the neuroglial cells run alongside individual nerve fibres. One such 
nerve fibre, together with a neuroglial cell is shown in Plate 2,H. The structural rela- 
tionships between the nerve fibres and the neuroglial cells correspond closely with 
the descriptions by Hess (1958, a, b.) for Periplaneta and by Wigglesworth (1959) for 
Rhodnius. In Sarcophaga, the haltere nerve, being substantial in size, has a distinet 
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epithelial layer or perineurium, apparently formed by similar neuroglial cells ; in the 
case of the finer nerves, such as the individual ptilinal nerves, a distinct outer layer is 
absent, and the individual nerve fibres, with their neuroglial cells and strands of 
neuroglial cytoplasm, are simply enclosed in the usual neural lamella. This is similar 
to the condition in Periplaneta and Rhodnius. 


The Neural Lamella and Basement Membrane of the Hypodermis 


Only toward the end of the pupal period are the basement membrane of the adult 
hypodermis and the neural lamella of the ptilinal, and other, nerves formed. When 
this process occurs, the neural lamella of the ptilinal nerve becomes'continuous with the 
basement membrane of the hypodermis (Fig. 2 and Plate 1,c; Plate 2,c,pD). The 
fusion of these connective tissue elements would appear to result from their simul- 
taneous secretion towards the end of pupal development. 


DIscuUSSION 


The structure of the hairs and their innervation by a single bipolar neuron, strongly 
suggests a tactile function. This can be confirmed by studying the behaviour of the 
emerging fly. If such a fly is held by its thorax and light pressure applied to the tip 
of its inflated ptilinum, the ptilimum is withdrawn ; on subsequent re-inflation, the 
ptilinum and whole head is inclined at an angle to the original angle. If the ptilinum 
still comes into contact with the object, it is again withdrawn and re-inflated at a 
greater angle from the original. This same process can be observed in a container of 
coarse soil (Fig. 3). The fly makes its way to the surface by a series of ‘avoiding 


PLatTE | 


A. Ptilinum cut, flattened, and stained with chlorazol black E. Interior view showing distri- 
bution of nerves to the tactile hairs. Note the swelling of each nerve shortly before its 
termination on the hypodermis. 8. The same preparation as A at different focus; right 
half of preparation. At some points the cuticular ‘ spinules’ of the outer surface can 
be seen. c. Individual nerve terminations to the tactile hairs. Whole mount of ptilinum 
stained with methylene blue ; interior view. Individual hypodermal cells are obscured by 
the basement membrane which can be seen in surface view. Each swelling along the nerve 
fibre contains a sensory cell nucleus and a neuroglial cell nucleus. Note also the tracheoles 
seen as dark lines accompanying the two nerve fibres on the lower right corner of the picture. 
D. Outer surface view of ptilinum, showing the regularly arranged flattened ‘ spinules ’ 
with a single upright tactile hair seen in side view. Cleared, unstained. ., Fr. Outer 
surface view of ptilinum at lower magnification, to show distribution of tactile hairs amongst 
the ‘spinules’. The tactile hairs can be seen in E. in surface view, and in F. in side view 
(asin D.). Note the circular socket to hairs. Cleared, unstained. 


PrarH 2 


A. ‘ Ptilinal ganglion ’, showing neuroglial cell nuclei, oval and kidney shaped, and larger round 
nuclei of the nerve cells. Phase contrast. 3B. Portion of ptilnal ganglion, marked O 
in A, enlarged to show two nerve cell nuclei. Phase contrast. c. Nerve ending on hypo. 
dermis to show continuity of neural lamella and basement membrane. Methylene blue 
D. Another nerve ending similar to c. 5. View of a portion of ptilinal nerve at region of 
enlargement. Note neuroglial and sensory nerve cell nuclei, with tracheole running along 
nerve fibre. Methylene blue. 4. Another swelling along a nerve from a tactile hair ; note 
the sensory nerve cell nucleus, and kidney shaped neuroglial cell nucleus. _Phase contrast. 
G. Portions of two ptilinal nerves containing several axons. Note neural lamella, neuroglial 
cell nuclei and the tracheole along the left of the two nerves. Phase contrast. H. Single 
nerve fibre with accompanying neuroglial cell, teased from developing haltere nerve. Note 


neuroglial cell nucleus and strands of neuroglial cytoplasm lying alongside nerve fibre 
Phage contrast, = Viet : fibre, 
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Seen _As soon as the fly approaches the surface and no resistance is given to its 
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BIG ae Tactile hair and its innervation: the interrelationships of hair, socket, tormogen, 
trichogen, sensory nerve cell, neuroglial cells, neural lamella and basement membrane, 
in the adult fly. 


Fic. 3. Demonstration of ‘avoiding reactions’ shown by fly in its passage through the soil. 


Since for the first few hours of a fly’s adult life, the surface of the ptilinum is the 
most anterior region of its body, it is not really surprising to find sensory receptors 
associated with the organ. Their occurrence may explain some of the experimental 
reactions recently recorded by Cottrell (1962). 

Subsequent to emergence changes occur in the nerve supply to the ptilinum ; for 
instance, the ganglion cells do not take up methylene blue to the same extent as 
previously. These changes have not been studied in any detail as yet, but they may 
well prove to be of interest in the general process of muscle histolysis and cuticle 


absorption that occurs in the ptilinum after its permanent withdrawal into the body. 
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Such relationships may also throw light on problems involving the general histolysis of 
muscles in the pupal stages of insects. 
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SUMMARY 


Although the musculature of the ptilinum has been studied extensively, no nervous 
components have been previously demonstrated. The present paper describes a 
series of minute hairs, interspersed amongst the ‘spinules’ that cover the organ, each 
of which is innervated by a bipolar sensory nerve cell. The axon arising from the 
sensory cell is joined by those from other similar cells, and they pass posteriorly to 
enter a ganglion ; from the ganglion a broad nerve leaves to join the antennal nerve 
to the brain. The general morphology suggests that the hairs are tactile; this is 
substantiated by the ‘avoiding reactions’ displayed by the fly when the ptilinum is 
subjected to tactile stimulation, both when held experimentally, and in nature when 
by-passing soil particles. 
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INTRODUCTION 


SincE the discovery by Kawaguti & Baba (1959) of living bivalved gastropods in 
Japan, intensive search has resulted in several species being found in Australia (Burn, 
1960 a, b, c), in Baja California (Keen, 1960), and in Hawaii (Kay, 1962). A preserved 
specimen of Julia Gould from the Mariana Islands has been described by Morrison 
(1961), and it now seems likely that related species may be found throughout the 
world, at least in warm waters. The present paper describes Berthelinia caribbean. sp. 
from Jamaica. This is believed to be the first record of a living bivalved gastropod 
from the Atlantic (Edmunds, 1962), although related fossil forms are known from the 
area (Gardner, 1926), and Julia gardnerae Woodring actually lived in Jamaica during 
the Miocene (Woodring, 1925). 


CLASSIFICATION 


The classification used is that of Keen & Smith (1961). As more is discovered about 
bivalved gastropods, this will no doubt have to be revised ; in particular, it may be 
necessary to raise the Bertheliniinae to the rank of family, and to reinstate Anomalomya 
Edenttellina, Ludovicia, Midorigat and Tamanovalva as full genera. 


Subclass OPISTHOBRANCHIA Milne-Edwards, 1848 
Order SACOGLOSSA Von Ihering, 1876 
Suborder TAMANOVALVIDA Kawaguti & Baba, 1959 
Family JULIIDAE Dall, 1898 

Subfamily BERTHELINIINAE Beets, 1949 


Shells lenticular in shape, ovate to quadrate, with a weak hinge ; spiral protoconch 
on one valve retained in the adult ; adductor muscle scar central, undivided, circular. 

The subfamily Juliinae differs principally in having a thicker, cordate shell, a heavy 
hinge, a prominent tooth-like ridge in one valve, and a centrally constricted adductor 
muscle scar. 


Genus BERTHELINIA Crosse, 1875 


Left valve with spiral protoconch ; right valve slightly smaller, without spiral apex ; 
outline of shell somewhat quadrate. Colour of shell greenish to yellowish. 


Berthelinia caribbea n. sp. 


Diagnosis —Shell ovate-trigonal, sharply narrowed but rounded posteriorly ; 
protoconch large, of 14 whorls, inclined at an angle to the horizontal, and situated at 
the latter one-third of the shell length. Umbos not prominent. Shell green or grey- 
green, often tinged brownish, with more or less distinct yellow rays. Hinge with well 
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developed posterior teeth. Ligament white. Mantle with irregular horizontal bands 
of dark reddish-brown or yellowish-brown showing clearly through the transparent 
shell in life, and persisting for at least several months in alcohol. A mid-dorsal brown 
line is present on the neck which bifurcates at the eye turret, one branch running to 
the inner side of each rhinophore. Oral tentacles reduced to two slightly raised ridges. 
Pharynx heart-shaped, with a dorsal pouch and two large crops. Radula with 5-6 
teeth in the ascending, and 19-26 in the descending series, not counting the pre-radular 
tooth. Larger teeth with 60-70 fine denticulations on each side, entire at the tip. 


Fic. 1.—Berthelimia caribbea n. sp. 


(a) Dorsal view of living animal. Arrows indicate water currents. A—B is the measure- 
ment used from the anterior margin of the shell to the inner whorl of the protoconch. 

(6) Preserved animal from right side. Mantle edge shown retracted from the margin of 
the shell. Position of the adductor muscle is indicated by a circle. 

(c) Head of living animal from right side to show grooved rhinophore, and oral ridges (O). 

Solid black and stippling indicate areas of brown pigment. Patches in (a) and (6) sur- 
rounded by dotted lines represent white areas which persist for a time in neutral formalin 
or alcohol. The upper 1 mm. scale refers to (a) and (b) ; the lower 0-5 mm. scale refers to (c). 


Locality.—Over 100 individuals were collected between 6 January and 13 March 
1962 from the alga Caulerpa verticillata J. Agardh growing on stones in the lighter and 
more open parts of the mangrove beds near Port Royal, Jamaica. 

T'ypes.—The holotype, No. 1962261 W, and paratypes Nos. 1962262-3 W, are in 
the British Museum (Natural History) ; paratypes are in collections at the University 
Museum, Oxford ; Academy of Natural Sciences, Philadelphia ; Smithsonian Insti- 
tution, Washington; Marine Laboratory, University of Miami; University of 
the West Indies ; Institute of Jamaica ; University of Okayama ; and the National 
Museum of Victoria, Australia. 


FURTHER DESCRIPTION AND COMPARISON WITH RELATED SPECIES 


Shell.—Largest shell 3°73 mm. long. Height 60-73 per cent of length, mean at 
65°6 per cent. The protoconch lies at a slight angle to the horizontal, and is situated 
at two-thirds of the shell length. The distance from the anterior edge of the shell to 
the inner whorl of the protoconch (Fig. 1a) varies from 63 to 77 per cent of the shell 
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length, with an error in measurement of up to 4 per cent. The mean of 14 young shell 

(1:36-2:00 mm. shell length) is 67-9 per cent, ad of 16 older shells (3:0.3:5 ee i 
70-6 per cent. Shells of intermediate size have means of 68-69 per cent. 67-9 differs 
significantly from 70-6 (P < 0-01 for 28 degrees of freedom), but not from the means 
of shells of intermediate size. Thus although the protoconch of B. caribbea is usually 
situated at approximately two-thirds of the shell length, in older specimens it is closer 
to three-quarters. Now B. limaz, chloris, australis and babai (this is the Hdenttellina 
typica Gatliff & Gabriel of Burn, 1960 b, redescribed as Tamanovalva babai by Burn, 


| ee | 
0-25 mm. 


Fia. 2.—Shells of B. caribbea 


(a) Right valve from the outside. Yellow rays are dotted. 
(b) Protoconch of left valve from left side. 


(c) Details of hinge structure of right (upper) and left valves. A—posterior cardinal of 
right valve ; B—small cardinal of left valve ; C—large cardinal of left valve ; D—anterior 
cardinal of right valve. The ligament is dotted. 

The 1 mm. scale to the left refers to (a); the 0-25 mm. scale to the right refers to (6) 


and (c). 


in press) have the protoconch at the latter one-third of the shell length, whilst B. typica 
Gatliff & Gabriel has it at the latter one-fourth (Baba, 1961 a). I have been able to 
measure four shells of B. limax Kawaguti & Baba which give figures of 66, 66, 71 and 
76; three shells of B. australis Burn which give figures of 69, 70 and 73; and two 
~ shells of B. typica Gatliff & Gabriel which give figures of 81 and 81. Clearly B. 
caribbea is in the limax-australis group, and distinct from typica ; but these results also 
suggest that the position of the protoconch may not be a good taxonomic character 
unless a number of individuals of varying ages is available for study. 

Considerable variation was noted in shell shape, but no convenient method could 
be devised to quantify it. In particular, the posterior end sometimes tapers con- 
siderably as in B. chloris Dall (Keen & Smith, 1961 Figs 24, 32), whilst in other shells 
of the same size it may be more evenly rounded. The colour of the ligament and the 
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colour of the rays in the shell may prove to be good taxonomic characters. The liga- 
ment is white in B. caribbea, dark brown in typica and in babai, ashy-yellow in limaz, 
ashy-white in chloris, and ashy-brown in australis (Baba, 1961 a). Yellow shell rays 
occur in caribbea (Fig. 2 a), and sometimes in imax (Baba, 1961 b) and typica (personal 
observation) ; green rays are present in australis and chloris (Burn, 1960 b; Keen & 
Smith, 1961 ; Baba, 1961 a). The yellow rays in carzbbea lie immediately above dark 
brown blotches at the edge of the mantle. The hinge teeth are similar to those of 
B. typica, and are better developed than in limax and chloris. In particular, the pos- 
terior cardinal of the right valve is large, and fits into a socket between two teeth of 


0-5mm. 


Fic. 3.—Pharyngeal bulb and nervous system of B. caribbea dissected out. Details of the pedal 
nerves and of the visceral, osphradial and genital ganglia added from serial sections. The 
salivary glands have been omitted for clarity. 


(a) Dorsal view. 

(6) Lateral view. 

(c) Ventral view of nerve ring. 

b—buccal ganglion; c—cerebro-pleural ganglion; d—oesophageal diverticulum ; 
g—genital ganglion ; 7—infra-intestinal ganglion ; m—mouth; o—osphradial ganglion ; 
p—pedal ganglion ; r—radula ; s—supra-intestinal ganglion ; w—lateral lobe of pharynx ; 
x—dorsal pharyngeal pouch ; y—pharyngeal crop ; z—oesophagus. 


the left valve (Fig. 2 c), only one of which is described for limaa (Baba, 1961 b). The 
anterior cardinal of the right valve is very small and inconspicuous. The hinge itself 
is long and straight, and is marked by the white ligament scar. The periostracum is 
transparent brownish, and the protoconch either creamy-white or brownish. 

External features of soft parts —The colour of the living animal is green or yellowish- 
green. White dots are scattered over the head and neck, and are particularly abundant 
on the dorsal margin of the foot, on the rhinophores, and on either side of the mid- 
dorsal brown stripe. On the mantle there are scattered white dots with clusters at the 
edge alternating with the radial blackish-brown blotches. Some of this white persists 
for a time in alcohol or formalin, and this is indicated in Fig. 1a and b. The sides 
of the neck are suffused with yellow-brown, and the anterior margin of the foot may 
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be tinged with blue. Brown pigment is also scattered over the dorsal and lateral parts 
of the body, but not in sharply marked areas as it ison the mantle or the dorsal stripe 
(Plate 1). The longitudinally grooved foot is rounded anteriorly, and occasionally 
shows a slight notch. The rhinophores are deeply grooved on the outer surface (Fig. 
lc) 3 oral tentacles are absent, but two curved ridges can be regarded as these organs. 
In life, the mantle projects slightly from the edges of the valves except posteriorly 
where there is a small anal siphon. At this point the valves never close completely. 
Water is carried in by a ciliary current dorsally at the front and passes out of the anal 
siphon (Fig. 1a). The gill hangs from the right mantle, and in one animal which I 
dissected out has 29 parallel lamellae. 


Fic. 4.—Radular teeth of B. caribbea 


(a) Pre-radular tooth (P) and first two teeth of a 3-5 mm. animal. 

(b) 31st tooth of the same animal. 

(c) 22nd tooth of another animal. 

The upper 25 yu scale refers to (a) ; the lower 50 yw scale refers to (b) and (c). 


Alimentary canal.—The alimentary canal resembles that of B. imax (Baba, 1961 b), 
but there are important differences in the pharyngeal region (Fig. 3). The pharynx 
is heart shaped with the mouth receded between the two anterior lobes (w). There is 
a ventral lobe containing the old radular teeth, and a large thick-walled dorsal pouch 
(a). A pair of voluminous pharyngeal crops (y) open into the pharynx, one on either 
side, at the base of the dorsal pouch (x); and the long, coiled salivary glands open 
immediately dorsal to the crops. Radulae from five individuals were examined. Ani- 
mals of shell lengths 2-8 and 3-3 mm. both have 25 teeth, and one of 3-5 mm. has 31 
teeth. The teeth (Fig. 4) are very similar to those described for B. limax, chloris and 


~ australis. 


Nervous system.—The nervous system is similar to that found in B. limax (Baba, 
1961 b), but it is more concentrated anteriorly (Fig. 3). There is more fusion to the 
cerebro-pleural-pedal ring, and the supra- and infra-intestinal connectives are rela- 
tively shorter than in lima. 

Reproductive system and development.—The reproductive system, studied by means 
of serial sections, is similar to that of B. limax (Baba, 1961 b; Kawaguti & Yamasu, 
1961), but there are several differences. The hermaphrodite duct (Fig. 5, H) from the 
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ovotestis (0) leads into the ampulla (A) which is divided into two parts, both appar- 
ently functioning as seminal vesicles. The first part is a tube with lateral pouches, 
some of which are filled with spermatozoa, whilst those nearer to the ovotestis may 
remain empty. The second part is a swollen tube. The spermoviduct (8.0) from the 
ampulla runs across to the right side of the animal before dividing into the vas deferens 
(V.d) and the small oviduct (O.s). There is no seminal pouch at the base of the vas 
deferens as occurs in B. limax. The vas deferens passes through the prostate (Pr) 
before running forward to the penis (P). The small oviduct receives a duct from the 
albumen gland (A.gl) before it passes into the mucous gland (M). A pouch at the junc- 
tion of the albumen duct with the small oviduct as occurs in B. limax was not found. 


+ 


A.gl 


2 PS 


if ~ 
he a 
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/ toes Sy 
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Fie. 5.—Reproductive system of B. caribbea as reconstructed from serial sections and vi 
the dorsal aspect. The ampulla and the large oviduct have been pulled out Hesiare 
clarity, and the adductor muscle and the anus have been drawn in to give an iodination of 
the position of the various organs in the body. A—ampulla, A.gl—albumen gland, F— 
fertilization canal, H—hermaphrodite duct, L.o—large oviduct, M—mucous gland, O— 
ovotestis, O.s—small oviduct, P—penis, Pr—prostate, S.c—spermatocyst, S.o—s ermovi 
duct, S.t—spermatheca, V—vagina, V.d—vas deferens. 8) E ; 
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The albumen gland is much larger compared to the mucous gland in B. caribbea than 
it isin B. imax. The large oviduct (L.o) emerges from the mucous gland and opens 
into the mantle cavity. Two ducts enter the large oviduct ; one connects with the 
small oviduct and is probably the fertilization canal (F), the other is the vagina (V) 
which opens into the large spermatheca (S.t) and the somewhat smaller spermatocyst 
(S.c). Spermatozoa probably travel from the spermatocyst or the spermatheca via the 
fertilization canal to reach the unfertilized eggs. 

The penis of an animal of 2:3 mm. shell length is 1 mm. long, and an individual of 
only 1-75 mm. was seen to copulate. Yellowish egg masses were frequently laid, usually 
with 40 to 80 eggs in each mass. The veliger resembles that of B. limax at the time of 
hatching (Kawaguti, 1959 ; Kawaguti & Yamasu, 1960 b), but metamorphosis was not 
Panes The spiral shell is of Thompson’s type | as in other Sacoglossa (Thompson, 

Ecology.—B. caribbea was invariably found on Cawlerpa vertic.llata, usually amongst 
the bases of the stipes. C. sertularioides (Gmelin) Howe was also present, but no 
bivalved gastropods were found on it. When feeding, a branch of the delicate alga is 
sucked into the pharynx and pierced by the radula. The juice from a small area is 
drained out, and the branch is released. Pale green patches on the alga indicate areas 
which have been sucked out by these animals. The only other species apparently 
feeding on C. verticillata was the sacoglossan Stiliger vanellus Marcus. Also of common 
occurrence on Caulerpa were the holothurian Synaptula hydriformis Lesueur, the 
platyctenid ctenophore Vallicula multiformis Rankin, and various species of caprellids. 
The predators of Berthelinia are not known, but it is likely that the bivalved shell is of 
defensive importance. It is interesting to note that in addition to possessing a bivalved 
shell, Berthelinia has a second defensive mechanism in the form of a secretion from the 
well-developed hypobranchial gland. When disturbed, the animal retracts between 
its valves, but remains attached to Caulerpa by a transparent byssus-like thread. 
Violent disturbance, such as when a needle is inserted between the valves, results in 
extrusion of a viscous white fluid from the hypobranchial gland near the anal siphon, 
and also occasionally all round the mantle edge. 

B. caribbea was found in waters from 3-4 inches to 3-4 feet in depth. Two places 
in which it occurs in the Kingston area of Jamaica are subject to periods of reduced 
salinity following heavy tropical rains. Under these conditions, there is often a mass 
mortality of the invertebrate fauna as described by Goodbody (1961). Once the salinity 
has returned to normal, recolonization takes only a few weeks. B. caribbea was first 
found on 8 January 1962, at Goodbody’s station A (Goodbody, 1961). In late October 
and early November 1961 there was a mass mortality in this area following heavy 
tropical rains. Unfortunately it is not known whether B. caribbea can tolerate such a 
reduction in salinity, but this is possible as it may have been present but overlooked 
before 8 January. Alternatively, recolonization could have occurred from veligers of 
open water colonies not decimated by the fresh water—B. limaz may take as little as 
74 weeks to reach maturity from hatching (Kawaguti & Yamasu, 1960 a). 


DISCUSSION 


Berthelinia caribbea differs from B. lima in possessing pronounced hinge teeth, a white 
ligament, brown markings on the head and mantle, a heart-shaped pharyngeal bulb 
with a dorsal pouch, a more concentrated nervous system, a bipartite ampulla, and no 
pouch to the vas deferens. B. chloris and babai can be separated because of their less 
pronounced hinge teeth and lack of brown stripes. B. typica has the protoconch at 
three-quarters of the shell length instead of at two-thirds, and notched radular teeth 
without denticulations. B. australis, with the protoconch lying below the level of 
the umbos, is clearly distinct. Each species is probably associated with one or 
possibly two species of the alga Caulerpa: thus B. imax lives on C. okamurar 
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(Kawaguti & Baba, 1959), B. chloris lives on C. sertularioides and C’. racemosa (Forskal) 
var. turbinata (Agardh) Eubank, and B. caribbea has only been found so far on C. 
verticillata. It seems likely that the pharyngeal sucking mechanism has evolved in 
each species of Berthelinia with respect to one particular species of Caulerpa. Hence 
we might expect the pharynx to give good taxonomic characters at the specific level. 
Mr R. Burn (personal communication) has pointed out to me the resemblance of 
B. caribbea to Anomalomya corrugata Crossmann and to the Hdenttellina typica of 
Hedley (1920) and Verco (1916), which differ from typica Gatliff & Gabriel. The chief 
points of similarity are the straight hinge, the well developed hinge teeth, and the 
corrugate appearance. However, the shell is not actually corrugate in B. caribbea, the 
corrugate appearance being due to pronounced growth lines, and the hinge teeth closely 
resemble those of B. typica Gatliff & Gabriel. In any case the differences from 
limax as regards shell characters are small, not sufficient at the present time, in my 
opinion, to warrant generic separation. 

B. caribbea also has a number of distinctive soft-part characters, for example the 
coloration, the concentrated nervous system, and the pharyngeal morphology. These 
may indicate that caribbea deserves generic separation, but they cannot be used as 
evidence in favour of its being an Anomalomya since this genus is based on a fossil 
form whose soft parts are unknown. When more species of the family are described, 
it may indeed be necessary to split the genus Berthelinia, but until then I prefer to 
regard these characters as of only specific rank, and to follow Keen & Smith who in- 
include Anomalomya in the genus Berthelinia. 
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SUMMARY 


Berthelinia caribbea n. sp. is described from the alga Caulerpa verticillata growing 
in the mangrove swamps near Port Royal, Jamaica. The most important characters 
which distinguish it from related species are the position of the protoconch at two- 
thirds of the shell length ; the straight hinge with well developed hinge teeth ; the 
white ligament ; yellow shell rays ; brown stripes on the head and mantle ; the heart 
shaped pharyngeal bulb with a dorsal pouch ; entire, denticulate radular teeth ; the 
concentrated nervous system ; and the ampulla divided into two parts. The resem- 
blance to Anomalomya corrugata Cossmann is discussed, but it is concluded that, for the 
present, caribbea should remain in the genus Berthelinia. It appears to feed entirely 
on C’. verticillata to which it remains attached by a byssus-like thread even when the 
valves are closed. When irritated, it secretes a white fluid from the hypobranchiai 
gland, but the deterrent value of this to potential predators is not known. B. caribbea 
may be able to survive in brackish water, although the evidence for this is inconclusive. 
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PLATE | 


Right (upper) and left side views of two individuals of Berthelinia caribbea, narcotized m 
magnesium chloride and alcohol (added drop by drop to sea water), fixed for two hours in neutral 
formalin, and preserved in 70 per cent alcohol. 
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GENERAL INTRODUCTION 


Frew genera of animals contain more described species than the gastropod genus 
Conus. The number of available specific names exceeds 2700, of which about 1100 
were proposed for species known only as fossils. The present series of papers will 
report on the existence of type specimens and represents an effort to determine the 
identity of the described Recent species. Because of the extremely large number of 
available names, and the inadequacy of many original descriptions, I consider a 
chronological approach a practical means of attaining this goal. Thus, all of the 
species described by Linnaeus (1758) must (Article 3 of the International Code of 
Zoological Nomenclature (1961), hereafter referred to as ‘ Code ’) be either (1) valid 
or (2) nomina dubia (Code, p. 151). All of the species of the first author after Linnaeus 
must be either (1) valid, (2) synonyms of Linnaean species, or (3) nomina dubia. The 
same procedure can be continued in chronological order toward the present, and it 
provides a singularly convenient framework for taxonomic study. 

It should be noted that species are discussed at the ‘alpha’ level of taxonomy 
(Mayr e¢ al., 1953) as units of reference rather than units of evolution. This important 
distinction has been made most clearly and emphatically by Cain (1959) in dis- 
tinguishing the several tasks of the taxonomist. It is hoped that this study will 
provide a preliminary but necessary foundation to a monographic treatment of the 
genus Conus in which the range of intraspecific variation and evolutionary lines can 
be considered. 


MATERIAL AND MrtHops 


The critical aim of this study is an appreciation of the nature of each nominal 
species, that is the concept which the author meant to denote by each specific name. 
an seemingly simple objective is complicated by the several factors enumerated 

elow :— 

1. Specimens.—The modern concept of the type specimen has been recognized 
only with the advent of the ‘new systematics’ in the 20th century. The function 
of a type specimen is now generally confined as specified bearer of the specific name; 
the advantages of this restriction have been pointed out adequately by Simpson 
(1940, 1945). Although this concept was not a guiding factor to earlier taxonomists 
many species were based on single specimens which still exist (the holotype: Code: 
Art. 73a) and an author’s concept of a nominal species can be appreciated by examina- 
tion of the holotype. Other species were based on several specimens (syntypes) 
rather than on one. Fortunately in the case of Conus, the syntypes are usually, but 
not always, of the same species. In the present study, one specimen of each lot has 
been selected as lectotype (Code: Art. 74a). 
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The specimens on which many specific names were based no longer exist or cannot 
be unequivocally identified. As is generally the case among marine shell-bearing 
molluses, descriptions of Conus have been based solely on the shell, which, while 
only part of the animal, is quite durable. Of 350 species of Conus described in the 
18th century, whose names are available according to provisions of the Code, type 
specimens of about one-third have been identified and studied. Unfortunately, it 
is likely that many of the remaining described species were based not on specimens, 
but only on earlier printed accounts and figures which did not conform to any of 
the available Linnaean or subsequent binominal species. Some of these names can 
be assigned to actual species, but others must be suppressed as nomina dubia. 

2. Descriptions.—In this series of papers the term description refers to all descrip- 
tive material accompanying the original publication of the name of a new species. 
It comprises (1) the diagnosis, a brief definition or statement, usually in Latin, of 
the main characteristics of the species, and (2) the indications, which, in the case 
of descriptions of species of Conus, are usually citations of earlier published figures 
or accounts. Additional descriptive material following the indications constitutes a 
third category, termed the ‘ subdescription’ by Dodge (1952). This term is used 
here in Dodge’s sense. 

A satisfactory description must (1) describe the characteristics of the species and 
(2) distinguish it from all of its previously described congeners, or at least from those 
most similar to it. The latter requirement especially has often not been met by 
authors of species of Conus, even in the era of the new systematics. Moreover, the 
diagnoses of many species of Conus are tantalizingly brief and inadequate. Indeed 
it has long been recognized (Hanley, 1855; Dodge, 1953, 1959) that the identification 
of species denoted by names first published by Linnaeus in the 10th edition of the 
Systema Naturae depends on support from the more adequate descriptions given in 
his later works (Linnaeus, 1764, 1767). 

3. Indications and synonymy.—These are most important in cases of species whose 
diagnoses are inadequate and which were not illustrated in the works in which they 
were described. Previously published figures were relied upon heavily by 18th- 
century workers but are usually not cited at all after 1800. 

In some cases it can be inferred that a described (nominal) species was based 
solely on one or more previously published figures. Such figures represent syntypes 
(Code: Art. 73c (i)), and representatives of lectotypes will be designated from them 
(Code: Art. 74b). In other cases where no original specimens are known, representa- 
tives of lectotypes will also be selected from earlier published figures cited by the 
author of the species. Lectotypes and representatives of lectotypes will be selected 
only for Recent species, and only for infraspecific names which are to be raised to 
specific rank. In a few cases, it will be necessary to select neotypes to establish the 
identity of a confusing nominal species. 

Works in which new species of Conus are described will be taken up in chrono- 
logical order. As page and line priority are no longer considered of primary im- 
portance (Code: Art. 24), all of the species described in each work will be listed 
alphabetically. The diagnoses, additional descriptions, synonymies, and indications 
will be analysed, and a decision made concerning the disposition of each name. If 
a holotype exists or a lectotype or representative has been selected, it will be specified 
and a photograph of it included. All photographs were made by the author unless 
otherwise indicated. 


The Genus CONUS 


The nomenclatorial validity of the genus Conus is unquestionable, as it was pro- 
posed by Linnaeus (1758: p. 712) with the following description :— 
‘Animal Limax. Testa univalvis convoluta, turbinata. Apertura effusa, 
longitudinalis, linearis, edentula, basi integra. Columella laevis.’ 
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(Animal [a] snail. Shell univalve, [whorls] rolled around [enrolled], 
conical. Aperture effuse, long, straight, without teeth, base entire. Columella 
smooth.) 


Férussac (1822) first erected a separate family (‘7° Famille. Les Cénes.’) for 
Conus, withdrawing the genus from Lamarck’s family, ‘ Les Enroulées,’ which con- 
tained the genera Ovula, Cypraea, Terebellum, Oliva, Ancillaria, and Conus (Lamarck, 
1812). 

Tatreille (1825) provided, with an adequate diagnosis, the first latinized family- 
group name, Conoidea. This name is to be automatically corrected to Conidae and 
Conus is automatically the type-genus of the family (Code: Arts. 23d (i); 63). 

Concerning the type-species of the genus, Montfort (1810: p. 40) stated, 

* Espéce servant de type au genre. 
‘ Le Cone flamboyant. Conus fulgurans. 
‘ Conus generalis, Linn. et Gmel. sp. 4 


Neither C. fulgurans Hwass in Bruguiere (1792) nor C. generalis Linnaeus, 1767, may 
serve as type-species of the genus as they were not included under the generic name 
at the time of its original publication (Code: Art. 68a). The type-species of Conus 
is C. marmoreus Linnaeus by the subsequent designation of Children (1823; see also 
Dodge, 1953). 

Montfort (1810) was the first to attempt a subdivision of the Linnean genus 
Conus. He proposed four new genera and retained Conus as a fifth. Swainson 
(1840) employed two genera, Conus and Coronaxis, each with five subgenera, none 
of which names were derived from Montfort’s system. Mérch (1852), drawing partly 
on the earlier works mentioned, published an arrangement of the Conidae consisting 
of 11 genera, two of which contained subgenera. This trend seems to have been 
climaxed by Cotton (1945) whose system contains 30 genera arranged in 14 groups 
of 1-3 genera each. He proposes that the groups may deserve subfamily status. A 
total of 52 genera and subgenera described in the family Conidae (Subfamily Coninae 
of Thiele, 1929) have come to my attention. 

I plan to pursue the question of the validity of these taxa in the future. The 
suspicion at present is that many are based on specific rather than generic criteria 
and are thus unlikely to be valid. In the absence of critical evidence it is proposed 
to follow the practice adopted by Kay (1960) for another group and assign all species 
of the Coninae (sensu Thiele, 1929) to the genus Conus. 


IntTRopDuUcTION To Part I 


In this first paper, the 37 species of Conus described by Linnaeus (1758, 1767) 
are discussed and their validity assessed. In addition, Linnaeus named and described 
five infraspecific forms, which have generally been considered as ‘ varieties’. For 
nomenclatorial purposes, however, names of less than specific rank proposed before 
1961 are to be considered as subspecies if the original author did not indicate whether 
he regarded them as subspecies or infrasubspecifie groups (Code: Art. 45d (ii)). 
According to Art. 5 of the Code, these names are to be written in trinominal form. 

Linnaeus subdivided the genus Conus into four infrageneric categories. Although 
these have no status in nomenclature (Op. 124 of the ICZN), they are useful in that 
they complement the specific diagnoses. These groups, which serve mainly to 
convey a general impression of the shape of the shell, may be translated as follows 
(see Dodge, 1953) :— 

* Truncate, or spire almost truncate. 
** Pyriform, base rounded, subcylindrical, body whorl one and one-half 
times as long as the spire. 
*** Hlongate, base rounded, the body whorl twice as long as the spire, 
**** Ventricose, with a wide aperture, ) 
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Although the second and third categories appear to be separable quantitatively, the 
usefulness of the criterion is reduced by the facts that the height of the spire is 
difficult to measure, and it varies considerably among individuals of a species both 
inherently and due to erosion of the shell. 


Tue LINNEAN MATERIAL 


Because of the recent thorough study of Dodge (1953), detailed analyses of the 
Linnaean diagnoses, subdescriptions, synonymies, and references are not necessary 
here. Dodge mentioned type specimens of many species, but he did not unequivocally 
identify holotypes, nor did he select any lectotypes or neotypes. Dodge also recom- 
mended rejection of certain specific names, but he did not effect his recommendations. 
In the present paper I have sought to carry forward the work of Dodge in these 
directions. Holotypes are identified and lectotypes selected where appropriate, and 
a photograph of each such specimen is included. To the author’s knowledge, no 
illustrations of the specimens of Conus on which Linnaeus’s species were based have 
been published heretofore. 

Linnaeus possessed specimens of some but by no means all of the species of Conus 
he described. He indicated possession of specimen(s) of a species by underlining its 
number in his copies of the 10th and 12th editions of the Systema Naturae (Dodge, 
1958: p. 158). Statements in the present paper referring to Linnaeus’s ownership 
of specimens are based on this criterion, from information kindly provided the author 
by Mr T. O’Grady. 

Linnaeus’s own collection is preserved at the Linnean Society of London and is 
referred to in this paper as ‘the Linnaean collection’. The collection of the then 
queen of Sweden Lovisa Ulrika, was studied in detail by Linnaeus in his Musewm 
Ludovicae Ulricae (1764). This collection, which has recently been studied by 
Holm (1957), is preserved at the Zoological Institute of the University of Uppsala 
and is referred to in this paper as ‘ the M.L.U. collection’. 

I studied the type specimens in Uppsala in 1958 and in London in 1958 and 1959. 
More recently Mr 8. P. Dance has made a detailed study of the Linnaean collection of 
molluscs and has kindly permitted his findings to be reported here. Some of these are 
enclosed in square brackets following the author’s remarks. In the cases of C. 
mercator and C. varius, however, the significance of Dance’s findings warranted 
revision of the text and plates, and he has permitted his notes on these species to be 
incorporated into the main body of the text. 

Following current practice (e.g. Dodge, 1959), the Systema Naturae (Linnaeus, 
1758, 1767) is referred to as the Systema, and the Museum Ludovicae Ulricae (Linnaeus 
1764) is referred to as the Musewm Ulricae. No reference to Conus was made in 
the ‘ Regni animalis appendix’ of the Mantissa Plantarwm (Linnaeus, 1771). 

The next report in this series will treat the species described by authors other 
than Linnaeus during the period 1766-1786. 


Sprcies DESCRIBED BY LINNAEUS, 1758 
Conus ammiralis Linnaeus 
(Fig. 1) 

Infrageneric group.—Truncati s. spira fere truncata.’ 

Diagnosis.—' C. testa basi punctato scabra ’ (p. 713, No. 257). 

Type locality‘ O. Americae meridionalis.’ 

Remarks.—Linnaeus named and described three infraspecific forms of this species 
in the 10th edition of the Systema and another in the 12th edition. It is not known 
which of these were based on specimens in his possession and which, if any, on the 
previously published figures which he cited, The diagnosis quoted above is not 
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sufficiently meaningful to identify the species; however, a composite of the infra- 
specific descriptions (see below) is sufficient to establish its identity. 

Hanley (1855) stated that one specimen was present in the Linnaean collection 
at that time, intimated that it resembled the specimens illustrated in Figs 1307 and 
1308 of Chemnitz (1788), and stated that it was larger than the figured specimens 
cited. Both of Chemnitz’s figures measure about 47 mm. in length. Chemnitz 
stated (1788: p. 52, 56) that the largest specimens he possessed of both types measured 
about 60 x 33 mm. 

At the present time, two unmarked specimens are present in the Linnaean col- 
lection; they measure 72 x 40 mm. and 25 x 13mm. The larger specimen (Fig. 1) 
is here selected lectotype of C. ammiralis. 

[There is a third specimen present in the Linnaean collection ; it is unmarked and 
measures 53 < 26-5 mm.—sS. P. Dance.] 

The locality given by Linnaeus is in error; C. ammiralis occurs in the tropical 
Indo-West Pacific region. 


Conus ammiralis occidentalis Linnaeus 


Diagnosis.— C. testa testacea albo maculata: fasciis quatuor flavis reticulatis 
cingulo articulato ’ (p. 714, No. 257 8). 

Figure cited—Rumphius (1705: pl. 34, fig. D). 

Remarks.—The diagnosis conforms with the single figure cited as well as with 
the lectotype of C. ammiralis (Fig. 1). 


Conus ammiralis ordinarius Linnaeus 


Diagnosis.— C. testa testacer maculis albis acutis: fasciis tribus albis subreticu- 
latis, media cingulo articulato ’ (p. 714, No. 257 y). 

Figure cited—Rumphius (1705: pl. 34, fig. C). 

Remarks.—The diagnosis appears to be based solely on the cited figure. 


Conus ammiralis summus Linnaeus 


Diagnosis — C. testa incarnata fasciis albis: media cingulis tribus nigris articu- 
latis ’ (p. 713, No. 257 £). 

Figure cited —Rumphius (1705: pl. 34, fig. B); Argenville (1742: pl. 15, fig. N); 
Petiver (1702-1706: pl. 28, fig. 4). 

Remarks.—The diagnosis conforms with the three cited figures and with the 
smaller specimen of C. ammiralis in the Linnaean collection. 

General Remarks on Linnaeus’s Infraspecific Taxa of C. ammiralis.—As the names 
C. ammaralis occidentalis, C. a. ordinarius, and OC. a. summus were applied not to 
populations, but to ‘ minority elements’ of populations, it is concluded that these 
names denote forms of infrasubspecific rank. 


Conus aulicus Linnaeus 
(Figs 2-4) 
_Lnfrageneric group.— Elongati basi rotundata, cylindro duplo longiore quam 
spira. 
Diagnosis.— C. testa venis reticulatis fasciisque longitudinalibus. fuscis j - 
tis (p. 117, No. 270), q gitudinalibus, fuscis interrup 
Figures cited—Buonanni (1684: fig. 133); Rumphius (1705: pl ‘ 
gur : ; : pl. 33, fig. 4) 
Gualtieri (1742: pl. 25, figs. Z, V); Argenville (1742: pl. 16. fie. G)- ' 
(1758: pl. 8, fig. 25). : ' Sian 3g dl bea 
T'ype locality.—Asia, 
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Remarks.—The diagnosis stimulated Dodge (1953) to state that ‘ the description 
does not make a single accurate statement and omits the really characteristic features 
of the shell. Even in a work which abounds in uninformative descriptions it is 
outstanding for inaccuracy.’ Furthermore, Hanley (1855) stated that ‘the entire 
synonymy of this species is a tissue of confusion’. Four of the six figures referred 
to in the original indications, and eight of the thirteen figures referred to in the three 
pertinent works of Linnaeus (1758, 1764, 1767), are probably of conspecific specimens. 

Although Linnaeus indicated ownership of a specimen in his copies of both the 
10th and 12th editions of the Systema, Hanley (1855) stated that ‘no marked box 
or specimen is preserved in the Linnean cabinet.’ At the present time two unmarked 
specimens with a Hanley label referring them to C. aulicus are present. One is a C. 
omaria Hwass in Bruguiére ; the other is possibly C. episcopus Hwass in Bruguiére. 
Both specimens are devoid of authority as types. Neither is thus suitable for selection 
as lectotype. 

The description added by Linnaeus (1764: p. 162, No. 174) is somewhat equivocal 
but nevertheless was apparently based on the specimen in the royal collection. This 
specimen has an O. Swartz label (Dodge, 1959) pasted to it and is accompanied by a 
label in the hand of C. P. Thunberg (Holm, 1957; oral communication) both referring 
to C. aulicus. This specimen (Fig. 2), which measures 85 x 34 mm., is conspecific 
with those of the figures mentioned above and unequivocally identifies the species 
Linnaeus intended to indicate by the name C. aulicus. However, it is not available 
for selection as lectotype, as it was not studied by Linnaeus until after publication 
_ of the original description of the genus. 

As no specimen is available, it has seemed desirable to select a previously published 
figure as representative of the lectotype. The first figure cited by Linnaeus following 
the original diagnosis of C. aulicus, that of Buonanni, is not identifiable to species. 
The second, from Rumphius, is of the species subsequently described by Born (1778) 
as C. pennaceus. The citation is possibly a typographical error for Fig. 3, which is 
a good representation of C. aulicus. The third figure, from Gualtieri (1742: pl. 25, 
fig. 2) shows two views of a specimen conspecific with that from the M.L.U. collec- 
tion, as well as with O. aulicus of all authors, and it is here selected representative 
of the lectotype of C. aulicus and is reproduced in Figs 3 and 4. 

The locality of C. aulicus is given by Linnaeus as Asia. The species occurs in 
the tropical Indo-West Pacific region. 


Conus aurisiacus Linnaeus 


(Fig. 5) 
Infrageneric group.— Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ . 
Diagnosis.—‘ C. testa incarnata laevi fasciis albidis, anfractuum summis canalicu- 


latis ’ (p. 716, No. 275). { 

Subdescription—‘ Ammiralis hic s. Cedo nulli differt testa magna laevi, anfractibus 
supra canaliculatis.’ 

Figures cited—Rumphius (1705: pl. 34, fig. A); Argenville (1742: pl. 15, fig. H); 
Petiver (1702-1706: pl. 7, fig. 7). 

Type locality. None. : 

Remarks.—The original diagnosis and cited figures are sufficient to characterize 
the species, although it is possibly based solely on previous descriptions and figures 
rather than on specimens studied by Linnaeus (Dodge, 1953). Linnaeus indicated 
possession of a specimen in his copy of the 10th, but not the 12th, edition of the 
Systema. However, Hanley (1855) stated that Linnaeus did not own one, and none 
is present in the Linnaean collection or the M.L.U. collection; the species was not 
mentioned by Linnaeus (1764) in his catalogue of the latter collection. 

In view of these facts, Fig. A on Plate XXXIV in Rumphius (1705), the first 
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figure cited by Linnaeus, is here selected to represent the lectotype of C. aurisiacus 
and is reproduced in Fig. 5. The specific name appears to be a modification, or 
erroneous rendering, of the latter part of ‘ Architalassus Arausicanus,’ which Rumphius 
(1711) named the specimen in the cited figure. : ; 

No type locality for C. aurisiacus is given by Linnaeus. The species occurs in 
the tropical Indo-West Pacific region. 


Conus betulinus Linnaeus 
(Fig. 6) 

Infrageneric group.—‘ Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ ' 

Diagnosis.—‘ C. testa basi subemarginata rugosa, spira planiuscula mucronata 
(p. 715, No. 266). 

Figure cited.—Gualtieri (1742: pl. 21, fig. B). 

Type locality: None. 

Remarks.—The diagnosis is not sufficient to identify the species. The only figure 
cited in the 10th edition of the Systema, is however, unequivocal. A further des- 
cription in the Museum Ulricae (p. 557, No. 165) adds enough details so that the 
species may be regarded as unequivocally identified. 

According to Hanley (1855) and Dodge (1953) a marked specimen is present in 
the Linnaean collection. The only specimen now present in the collection is indeed 
marked ‘ betulinus ’, but the writing is not that of Linnaeus and is undoubtedly later. 
The specimen (Fig. 6), which measures 101 x 67 mm., is here considered the holotype 
of C. betulinus. 

No type locality for C. betulinus is given by Linnaeus. The species occurs in 
the tropical Indo-West Pacific region. 


Conus bullatus Linnaeus 
(Figs 7 and 8) 


Infrageneric group.— Laxi ventricosi, in dorsum conjecti super mensam tinni- 
tantes.’ 

Diagnosis.—  C. testa flava albo-nebulosa ’ (p. 717, No. 281). 

Figure cited—Gualtieri (1742: pl. 26, fig. C). 

Type locality. None. 

Remarks.—Linnaeus did not possess a specimen of C. bullatus (Hanley, 1855) and 
it appears that the diagnosis, which is suggestive but vague, was based solely on 
previous accounts. The only illustration cited is unidentifiable. 

The description added in the Museum Ulricae, ‘ Testa oblonga, convexa, flava, 
nebulosa maculis albis obsoletis. Spira obtusiuscala, vix tuberculata’ (p. 563, No. 
176) has been characterized as vague by Dodge (1953). Nevertheless it appears to 
refer to the specimen in the royal collection. The reflected margin of the inner lip 
at the base is rather pronounced (Fig. 8), and the shoulder is very slightly tuberculate 
to the touch. 

Since there is no specimen in Linnaeus’s own collection at the Linnean Society of 
London, and the Gualtieri figure is too equivocal to be designated representative, it 
is not possible to select a lectotype. For this reason, and to avoid confusion with 
closely similar nominal species (e.g. C. nubecula Gmelin, 1791, for which no type 
specimens exist), it is desirable to select a neotype. The specimen in the M.L.U. 
collection, which measures 59 x 30 mm. and has a Swartz label pasted to it (Figs 7, 
8) is here selected neotype of C. bullatus. More complete statements of the charac- 


teristics of this species are given by Reeve (1843: pl. 17, No. 93) and Kiener (1849- 
50: p. 349). 
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Conus capitaneus Linnaeus 


(Fig. 9) 
Infrageneric growp.— Truncati s. spira fere truncata.’ 
Diagnosis.—‘ C. testa conica glabra basi fusca spira convexiuscula’ (p. 713, 


No. 254). 

Subdescription.— Testa caesia fasciis 2 s. 3 albis fusco-maculatis.’ 

Figures cited.—(f) Gualtieri (1742: pl. 20, fig. I). (vy) Rumphius (1705: pl. 33, 
fig. X); Gualtieri (1742): pl. 22, fig. M); Buonanni (1684: fig. 139); Argenville 
(1742: pl. 15, fig. K); Petiver (1702-1706: pl. 27, fig. 11); Regenfuss (1758: pl. 7, 
fig.7. (6) Rumphius (1705: pl. 33, fig. Y); Regenfuss (1758: pl. 6, fig. 65); Gualtieri 
(1742: pl. 20, fig. G). (e) Buonanni (1684: fig. 361). 

Type locality.—Asia. 

Remarks.—It has long been recognized (Hanley, 1855; Dodge, 1953) that Linnaeus 
combined two distinct species under the original description of C. capitaneus. These 
were distinguished with the separate description of C. generalis by Linnaeus in 1767. 
Although the equivocal figure references which accompanied the original diagnosis 
were clarified in the Museum Ulricae (p. 552, No. 155), the wording of the diagnosis 
was not altered, which suggested to Dodge (1953) that ‘in 1764 Linnaeus had not 
entirely solved his earlier confusion between the two species’. Nevertheless, the 
two specimens labeled No. 155 in the M.L.U. collection are both C. capitaneus, and 
no specimens of (. generalis are present. It is likely that Linnaeus followed Rumphius, 
who named the two species ‘ Voluta fasciatae’ (1705) and ‘ Voluta fasciata’ [C. 
capitaneus| and ‘ Voluta fasciata secunda ’ [C. generalis] (1711). 

At the present time, three specimens are present in the box labeled C. capitaneus 
in the Linnaean collection. One of these bears the number 295 (the number of the 
species in the 12th edition of the Systema) in the hand of Sir James Edward Smith. 
The name does not appear on any of the shells, contrary to the statement of Dodge 
(1953), the other two being unmarked. As Hanley (1855) pointed out, the description 
of the color added by Linnaeus in the 12th edition of the Systema (p. 1166, No. 295) 
‘is peculiarly suited to the shell selected ’. This specimen (Fig. 9; 51 x 32 mm.) 
is here selected lectotype of C. capitaneus. 

[A label bearing the legend ‘ capitaneus ’ in the hand of Sir James Edward Smith 
is pasted to the reverse side of the tablet to which the shells were formerly glued by 
Hanley.—S. P. Dance.] 

The type locality of C. capitaneus given by Linnaeus was Asia. The species 
occurs throughout the tropical Indo-West Pacific region. 


Conus clavus Linnaeus 


Infrageneric growp.—  Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ 
3 Diagnosis.—‘ C. testa striis convexis laevibus, basi caerulescente ’ (p. 716, No. 272). 

Type locality.—None. 

Remarks.—The problem of what species Linnaeus intended to denote by the name 
Q. clavus results from (1) the inadequacy of the diagnosis and its lack of support by 
indications or subdescription, and (2) the likelihood that ‘in amplifying the description 
in the twelfth edition, Linnaeus unwittingly described two species. The twelfth 
edition language adds to the original description details which apply to C. auricomus 
Hwass in Bruguiére 1792, which became the clavus of Reeve and of Hanley (1855, 
p. 174), which is not clavus Linné [(1758)]. ... One description is brief and the 
other describes two shells’ (Dodge, 1953). 

Dodge (1953) argued ingeniously that Linnaeus (1758) intended the name C. clavus 
to denote the species later described as C. terebra Born, 1778, which agrees with the 
Linnaean diagnosis and possesses two spiral bands which may be suggested by a 
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secondary meaning of the word ‘ clavus ’, the purple stripe of certain Roman tunics. 
However, the bands on C. terebra are pale yellow, and I consider Linnaeus’s diagnosis 
of C. clavus in the 10th edition of the Systema, unsupported by any cited figures or 
subdescription, insufficient to identify any species of Conus unequivocally. __ 

Moreover, since there is no specimen in the Linnaean collection, and Linnaeus 
did not indicate that he possessed a specimen, since none was present in the M.L.U. 
collection, and since no references to earlier works are cited, the basis for the descrip- 
tion of C. clavus remains obscure. No specimen is available for selection as lectotype. 
For these reasons, I have proposed suppression of the name Conus clavus Linnaeus 
as a nomen dubium in a communication to the International Commission on Zoological 
Nomenclature. 

The diagnosis of C. clavus is the same in the 10th and 12th editions of the Systema. 
However, a subdescription, ‘testa flava, maculis albis reticulata; fasciis duabus 
saturatioribus, maculis albis majoribus, striae obsoletae sunt ’, was added by Linnaeus 
in the 12th edition (p. 1170). Linnaeus may well have intended this addition to 
apply to the species later described as C. awricomus Hwass in Bruguiere, 1792, as 
Dodge (1953) suggested. However, shells of this species do not have the blue base 
indicated in the diagnosis. Moreover, convex striae (lirae) on the shell are mentioned 
in the diagnosis, suggesting that they are prominent features of ornamentation. In 
the subdescription of the 12th edition, however, they are stated to be obsolete. 
These facts suggest, as Dodge (1953) concluded, that two species are confused in 
the description of C. clavus in the 12th edition. This conclusion further supports 
rejection of the name C. clavus as a nomen dubium. 


Conus ebraeus Linnaeus 
(Fig. 10) 

Infrageneric group.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore..’ 

Diagnosis.— C. testa ovata alba: fasciis nigris ex maculis transversis’ (p. 715, 
No. 268). 

Figures cited —Buonanni (1684: fig. 122); Rumphius (1705: pl. 33, fig. BB); 
Gualtieri (1742: pl. 25, figs. T, Q); Argenville (1742: pl. 15, fig. G); Petiver (17062: 
pl. 99, fig. 12). 

Type locality.—India. 

Remarks.—The diagnosis and cited figures serve to identify the species unequi- 
vocally. In the Museum Ulricae, Linnaeus mentioned a ‘ varietas maculis ramosis 
gaudens ’, which was described as the now generally accepted distinct species Cucullus 
(= Conus) chaldaeus Roding, 1798. Linnaeus may have based this variety on speci- 
mens in his own collection or on one of the cited figures in Gualtieri (1742: pl. 25, 
fig. Q), as no such specimens are present in the M.L.U. collection. Additional figures 
of this species were cited under C. ebraeus in the 12th edition of the Systema. 

In the Linnaean collection, six specimens are present, of which four are C. ebraeus 
and two are CO. chaldaeus. One of the former (Fig. 10; 28 x 19 mm.) is here selected 
lectotype of CO. ebraeus. 

The type locality of C. ebraeus is India. The species occurs commonly throughout 
the entire tropical Indo-West Pacific region and rarely on the west coast of Central 
America (Hertlein & Emerson, 1953). 


Conus figulinus Linnaeus 
(Fig. 11) 
Infrageneric growp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 
Diagnosis.— C. testa basi emarginata rugosa, spira acuminata: anfractibus 
planiusculus ’ (p. 715, No. 267). 
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Figures cited—Rumphius (1705: pl. 31, fig. V); Regenfuss (1758: pl. 10, fig. 47). 

Type locality.—None. 

Remarks.—As Dodge (1953) has pointed out, the diagnosis requires the additional 
description provided in the Musewm Ulricae (p. 558, No. 166) for unequivocal identifi- 
cation of the species. 

Both figures cited with the original diagnosis are here considered to represent the 
same species, contrary to the remarks of Dodge (1953) about the former. Rumphius 
(1705: p. 106) describes the shell as brown with blackish threads. It seems unlikely 
, the figure is of the species later described as C. quercinus Solander in [Lightfoot], 

Two specimens of C. figulinus (80 x 94 mm.; 59 x 38 mm.) with Swartz and 
Thunberg labels are present in the M.L.U. collection. Linnaeus’s working copy of 
the 12th edition of the Systema, but not the 10th edition, is underlined for this species, 
indicating that Linnaeus owned one or more specimens. There are at present four 
unmarked specimens in the box labeled C. figulinus in the Linnaean collection. The 
largest of these (Fig. 11; 65 x 42 mm.) is here selected lectotype of C. figulinus. 

No locality for C. figulinus is given by Linnaeus. The species occurs in the 
tropical Indian and western Pacific Oceans. 


Conus genuanus Linnaeus 
(Figs 12 and 13) 


Infrageneric group.—‘ Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis —‘ C. testa cingulis linearibus albo fuscoque articulatis’ (p. 714, No. 
260). 

Figures cited —Rumphius (1705: pl. 34, fig. G); Buonanni (1684: fig. 337). 

Type locality —None. 

Remarks.—The original diagnosis is correct but minimal. The identity of the 
species depends on the figures cited, especially that of Rumphius, as Linnaeus did not 
possess a specimen (Hanley, 1855; Dodge, 1953). The Rumphius figure (Fig. 12; 
see also van Benthem Jutting, 1959) is here selected to represent the lectotype of 
C. genuanus. 

Although both Hanley and Dodge considered the description added in the Musewm 
Ulricae (p. 554, No. 159) to refer to a different species, I believe this is not the case. 
The specimen present in the M.L.U. collection (No. 159) has a yellowish ground color 
and agrees in other particulars with the description. The specimen was mislabelled 
C. glaucus by Swartz and Thunberg. A photograph of it is shown in Fig. 13. 

No locality was given by Linnaeus for C. genuanus. The species occurs in tropical 
regions of the West African coast (Nicklés, 1950). 


Conus geographus Linnaeus 
(Figs 14 and 15) 


Infrageneric growp.—' Laxi ventricosi, in dorsum conjecti super mensam tinni- 
tantes.’ 

Diagnosis.—‘C. testa oblonga gibba coronata, apertura dehiscente ’ (p. 718, No. 
283). 
Figures cited.—Buonanni (1684: fig. 319); Rumphius (1705: pl. 31, fig. G); 
Gualtieri (1742: pl. 26, fig. E); Argenville (1742: pl. 16, fig. A); Klein (1753: pl. 5, 
fig. 90); Lister (1688: s. 10, c. 7; t. 3, fig. 2). 

Type locality —Indies. 
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Remarks.—Although the diagnosis is appropriate, separation from C. tulipa 
depends on a statement added to the description of the latter species (q.v.), a8 Dodge 
(1953) pointed out. The previously published figures cited by Linnaeus are also in 
general satisfactory. There can be no doubt about the identity of C. geographus, as 
a single specimen, marked in Linnaeus’s hand, is present in the Linnaean collection. 
This specimen (Figs 14 and 15), which measures 98 x 48 mm., is the holotype. 

An additional, accurate description provided by Linnaeus (1764) was presumably 
based on the specimen, which measures 82 x 40 mm. and bears Swartz and Thunberg 
labels, now present in the M.L.U. collection. 

The type locality given for C. geographus by Linnaeus was ‘Indiis’. The species 
occurs throughout the tropical Indo-West Pacific region. 


Conus glaucus Linnaeus 
(Figs 16 and 17) 


Infrageneric growp.—‘ Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis —‘ ©. testa basi emarginata striata, spirae inermis anfractibus con- 
tiguis ’ (p. 714, No. 261). 

Figure cited—Rumphius (1705: pl. 33, fig. GG). 

Type locality.—Asia. 

Remarks.—The highly descriptive specific name and the lone cited figure, rather 
than the original diagnosis, serve to identify the species which Linnaeus intended to 
denote as C. glaucus (Dodge, 1953). Linnaeus did not possess a specimen; the cited 
figure from Rumphius is here selected to represent the lectotype of C. glaucus and is 
reproduced as Fig. 16. 

The accurate and more detailed description of a specimen in the M.L.U. collection 
added by Linnaeus in the Museum Ulricae (p. 555, No. 160) identifies the species 
unequivocally. The M.L.U. specimen, which was mislabelled C. rusticus by Swartz, 
is shown in Fig. 17. 

The locality of O. glawcus given by Linnaeus is Asia. The species is known mainly 
from the Indo-Malayan region (of Ekman, 1953). 


Conus granulatus Linnaeus 
(Fig. 18) 


Infrageneric group.— Elongati basi rotundata, cylindro duplo longiore quam 

spira. 

Diagnosis.— C. testa scabra inermi: striis sulcatis laevibus’ (p. 716, No. 274). 

Subdescription.— Testa magis rubra magisque sulcata quam in reliquis fascia alba 
una alterave & puncta purpurea ad strias.’ 

Figures cited.—Rumphius (1705: pl. 32, fig. T); Gualtieri (1742: pl. 25, fig. H). 

Type locality.— African ocean; Jamaica (Designated by Clench, 1942). 

Remarks.—The diagnosis anc subdescription are far more complete than most 
others in the 10th edition of the “i;stema. They are sufficient to establish the identity 
of the species, although the cited figures are only suggestive. (The Rumphius figure 
was identified as C. coccineus Gmelin by van Benthem Jutting, 1959). An unmarked 
specimen, which according to Hanley (1855) was owned by Linnaeus, is present in 
the Linnaean collection. This specimen (Fig. 18) is here considered the holotype of 
C.. granulatus. 

The specimen described by Linnaeus in the Musewm Ulricae (p. 560, No. 170) is 
present in the M.L.U. collection. It measures 42 x 19-5 mm. and is somewhat 
beachworn. 
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The locality ‘0. Africano ’ cited by Linnaeus for C. granulatus is in error, as the 
Species occurs in the tropical western Atlantic region (Clench, 1942). 


Conus imperialis Linnaeus 
; (Fig. 19) 


Infrageneric group.—  Truncati s. spira fere truncata.’ 

Diagnosis.— C. testa albida: fasciis lividis cingulisque linearibus albo fuscoque 
articulatis ’ (p. 712, No. 251). 

Subdescription.—‘ Testa saepius coronata, albida maculis confluentibus caesius.” 

Figures cited—Rumphius (1705: pl. 34, figs. H, I); Gualtieri (1742: pl. 22; 
fig. A); (Argenville (1742 : pl. 15, fig. F); Regenfuss (1758 : pl. 3, fig. 35). 

Type locality None. 

Remarks.—The diagnosis, subdescription, and cited figures unequivocally 
identify the species. The specimen owned by Linnaeus is present in the Linnaean 
collection. This specimen, which is marked ‘ 291’, the number of the species in the 
12th edition of the Systema, in the hand of Sir James Smith, is here considered the 
holotype of C. imperialis and is illustrated in Fig. 19. 

[The Linnaean specimen is marked in pencil with the number ‘291’ and the 
name ‘ imperialis ’.—S. P. Dance.] 

No locality was indicated by Linnaeus. C. imperialis occurs throughout the 
tropical Indo-West Pacific region. 


Conus litteratus Linnaeus 
(Fig. 20) 


Infrageneric group.— Truncati s. spira fere truncata.’ 

Diagnosis.—‘ C. testa conica alba, punctis fuscis ” (p. 712, No. 252). 

Subdescription.— Testa nivea fasciis obsoletis flavis, maculisque sparsis purpura- 
scentibus.’ 

Figures cited.—Buonanni (1684: fig. 363); Rumphius (1705: pl. 31, fig. D); 
Gualtieri (1742: pl. 22, fig. F; pl. 21, figs. O, G); Argenville (1742: pl. 15, fig. Q); 
Regenfuss (1758: pl. 3, fig. 29; pl. 4, fig. 46). 

Type locality Asiatic Ocean. 

Remarks.—The diagnosis and subdescription are appropriate; however, as pointed 
out by Hanley (1855) and Dodge (1953), it is apparent that Linnaeus combined what 
are now known to be several distinct species under the name C. litteratus. These 
were briefly described as varieties in the Musewm Ulricae (p. 551, No. 153). The 
figures cited by Linnaeus (1758) are reviewed in detail by Hanley & Dodge. Four 
of the nine plainly represent one species; at least two other species, later described 
as C. eburneus Hwass in Bruguiére, 1792, and C. leopardus (Réding, 1798), are repre- 
sented among the other five. ' ; 

The two specimens present in a tray labeled C. litteratus in the Linnaean collection 
are conspecific. One is unmarked. The other is marked ° 292 ’, the number of the 
species on the 12th edition of the Systema, in the hand of Sir James Smith. The 
latter specimen (Fig. 20) is here selected lectotype of C. lutteratus. Although Hanley 
(1855: p. 163) referred to a specimen bearing the name in pencil in Smith’s hand, I 
could locate no such specimen. ; ' 

Two specimens are present under No. 153 in the M.L.U. collection. One, which 
measures 65 X 37 mm., is conspecific with the lectotype. The other is a specimen 
of O. pulicarius Hwass in Bruguiére, which indicates that Linnaeus also considered 
this species under C. litieratus. ee . 

The locality of C. litteratus is given by Linnaeus as ‘O. Asiatico’. The species 
occurs in the tropical Indo-West Pacific region. 
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Conus magus Linnaeus 


(Fig. 21) 
Infrageneric group.—‘ Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ : 
Diagnosis.—‘ C. testa subcylindrica: fasciis longitudinalibus punctatis ’ (p. 716, 
No. 276). 


Figures cited—Rumphius (1705: pl. 32, fig. Q); Gualtieri (1742: pl. 20, fig. F). 

Type locality.—None. 

Remarks.—Although Linnaeus’s copies of the 10th and 12th editions of the 
Systema are underlined for C. magus, none is present in the Linnaean collection, nor 
is possession of a specimen indicated by Hanley (1855). The diagnosis is inadequate, 
and all of the figures cited by Linnaeus (1758, 1764, 1767) are erroneous (Hanley, 
1855; Dodge, 1953). For these reasons, no specimen or representation is available 
for selection as lectotype. 

In my opinion, the identity of the nominal species depends on the description 
added by Linnaeus in the Museum Ulricae (p. 560, No. 171). The specimen in the 
M.L.U. collection under No. 171 does not bear a Swartz label. A label reading 
‘achatinus’ in Thunberg’s hand was pasted to the shell but has come off. This 
specimen (Fig. 21) agrees with the description in the Musewm Ulricae, as well as with 
C. magus of authors, and it is here selected neotype of C. magus. Statements of the 
characteristic features of C. magus are given by Reeve (1843: pl. 35, sp. 190) and 
Kiener (1849-50: p. 283). The apparently extreme range of morphological variation 
in C. magus and the large number of subsequent closely similar nominal species 
present a complex zoological problem, the elucidation of which awaits intensive study. 

No type locality for C. magus is given by Linnaeus. The species occurs in the 
tropical Indo- West Pacific region. 


Conus marmoreus Linnaeus 
(Fig. 22) 

Infrageneric group.—‘ Truncati s. spira fere truncata.’ 

Diagnosis.—‘ C. testa conica fusca, maculis ovatis albis, spirae anfractibus 
canaliculatis ’ (p. 712, No. 250). 

Subdescription.— Testa saepe coronata atra maculis trigono-ovatis albis.’ 

Figures cited.—Buonanni (1684: fig. 123); Rumphius (1705: pl. 32, figs. N, 1); 
Gualtieri (1742: pl. 22, fig. D); Argenville (1742: pl. 15, fig. O); Petiver (1706? : 
pl. 47, fig. 11); Regenfuss (1758: pl. 5, fig. 53). 

Type locality.—Asia. 

Remarks.—This species, the first described by Linnaeus in the genus, was selected 
as the type species of Conus by Children (1823). The diagnosis and subdescription 
are unusually adequate, and the cited figures are in general agreement. Moreover, the 
specimen referred to by Hanley (1855: p. 161), which is marked ‘ 290’, the number 
of the species in the 12th edition of the Systema, in pencil by Smith, is present in the 
Linnaean collection. This specimen (Fig. 22) is considered the holotype of C. 
marmoreus. The specific name appears to be derived from ‘ Voluta marmorata’ 
which Rumphius (1711) named the specimens in the figures cited by Linnaeus. 

[There are three specimens present in the Linnaean collection, one of which is 
marked. in pencil with the number ‘ 290’, and another has the name ‘ marmoreus ’ 
pencilled on it. Although Hanley customarily considered that pencilled markings 
on shells did not originate with Linnaeus but, with Sir James Edward Smith it is pre- 
sumed that the specimen marked ‘ 290’ is the one he referred to ag being ‘ marked 
for the species ’.—S. P. Dance.] 

The specimen described in the Musewm Ulricae (p. 55 : ich i 
in the M.L.U. collection, measures 89 x 49 mm. Se hake Ld aioe 
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Linnaeus cited Asia as the locality of C. marmoreus. The species is distributed 
throughout the tropical Indo-West Pacific region. 


Conus mercator Linnaeus 
(Figs 23 and 24) 


Infrageneric group.— Pyriformes, basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis.— C. testa ovata alba, fasciis reticulatis flavis ’ (p. 715, No. 265). 

Figure cited.—Argenville (1742: pl. 15, fig. P). 

Type locality —None. 

Remarks.—The diagnosis, which may have been based on the account and cited 
figure in Argenville, is brief but mentions the critical characteristics of the shell. 
The figure is a good representation. Although Linnaeus indicated possession of 
specimen(s) in his copies of the 12th, but not the 10th, edition of the Systema, I saw 
none when I studied the collection. Subsequently, however, 8. P. Dance has dis- 
covered two specimens isolated by Hanley in the Linnaean collection. A label bear- 
ing the legend ‘ mercator’ in the hand of Sir James Edward Smith is pasted on the 
reverse side of the tablet to which the shells were formerly glued. The larger speci- 
men, which measures 24 x 13-5 mm. is here selected lectotype of C. mercator (Fig. 23). 

In the Museum Ulricae, Linnaeus provided a more detailed description (p. 557, 
No. 164) based on the specimens in the M.L.U. collection. Two specimens, measuring 
27-5 x 15-5 mm. and 19 x 13 mm. are now present in the collection. Both have 
Swartz labels pasted to them and are accompanied by Thunberg labels. Figure 24 
is a photograph of the larger specimen. 

No locality for C. mercator was given by Linnaeus. The species occurs in tropical 
regions of the West African coast (Nicklés, 1950). 


Conus miles Linnaeus 
(Fig. 25) 


Infrageneric group.— Truncati s. fere truncata.’ 

Diagnosis.—‘ C. testa conica rudi basi fusca, spira convexa’ (p. 713, No. 255). 

Subdescription.— Testa ignobilis pallido testacea fasciis fusco-ferrugineis.’ 

Figure cited.—Rumphius (1705: pl. 33, fig. W.) 

Type locality.—India. 

Remarks.—The diagnosis and subdescription are adequate to distinguish this 
species, and the only cited figure is unequivocal. Several additional figures were 
cited in the 12th edition of the Systema, and these are also consistent. 

In the Linnaean collection, +wo unmarked specimens, measuring 53 x 31 mm. 
and 32 x 22 mm., are present. These are apparently the specimens owned by 
Linnaeus (Hanley, 1855: p. 165), although the present writer disagrees with Dodge’s 
reference to ‘a properly documented specimen in the collection of Linnaeus ’ (1953: 
p. 24). The larger specimen (Fig. 25) is here selected lectotype of C. miles. 

No specimens of C. miles are present in the M.L.U. collection, and the species 
was not listed by Linnaeus (1764). 

The type locality given for C. miles by Linnaeus is Asia. The species occurs 
throughout the tropical Indo-West Pacific region. 


Conus minimus Linnaeus 


Infrageneric growp.—‘ Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ Ps 
eee C. testa cinerascente punctis oblongis cincta.’ (p. 714, No. 263). 
JOURN. LINN. SO0.—ZOOLOGY, VOL. XLIV. 45 
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Figure cited.—Argenville (1742: pl. 15, fig. A). 

Type locality.—None. 

Remarks.—Linnaeus did not possess a specimen of the species he intended to 
designate by the name C. minimus, and the description is apparently based solely 
on accounts in previous works. As Hanley (1855: p. 169) pointed out, the specimen 
illustrated in the only figure cited ‘ does not even answer to the single line of descrip- 
tion in the “ Systema”’’. It is my opinion that the illustration is not identifiable 
to species. Dodge (1953) states that Linnaeus cited the Argenville figure in error. 
He adds that the description cannot be tied to a single known species and * the 
longer description in the ‘‘ Museum Ulricae”’ [p. 556, No. 162] adds little that is 
helpful and may not have been designed to cover the same species 2 

The specimen bearing No. 162 in the M.L.U. collection, which has been erroneously 
labelled C. monachus by Thunberg, and is listed as C. minimus by Odhner (1953), is 
of the species described as C. mus Hwass in Bruguiére. The diagnosis and indication 
in the 12th edition of the Systema are identical with that of the 10th and thus shed 
no further light on Linnaeus’s intent. No type locality for C. minimus was given 
by Linnaeus. 

Hanley (1855: p. 169) concluded that ‘ any supposed determination of the species 
should be modified by a “‘ probably” appended’. From a lengthy consideration of 
CO. minimus, Dodge (1953: p. 26) concluded that ‘ this is a debatable species and, to 
the writer, unidentifiable’. I am in complete agreement and conclude that the 
name C. minimus Linnaeus should be suppressed as a nomen dubium on the following 
grounds :—(1) the species is not identifiable from the original diagnosis; (2) the only 
figure cited with the original diagnosis is not consistent with the diagnosis and cannot 
be unequivocally identified to species; (3) a subsequent description by Linnaeus 
(1764: p. 556, No. 162) possibly refers to a third species. Suppression of the name 
C. minimus Linnaeus as a nomen dubiwm has been proposed in a communication to 
the International Commission on Zoological Nomenclature. 


Conus monachus Linnaeus 
(Figs 26 and 27) 


Infrageneric grouwp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis.— C. testa gibba fusco caerulescente nebulata acuta, basi striata ’ 
(p. 714, No. 262). 

Figures cited—Buonanni (1684: fig. 126); Rumphius (1705: pl. 33, fig. CC) ; 
Regenfuss (1758: pl. 12, fig. 68). 

Type locality.—None. 

Remarks.—Determination of the species which Linnaeus intended to denote by 
the name C. monachus is made difficult by the nature of the specimens present in 
the tray labelled for this species in the Linnaean collection. Hanley (1855) recorded 
the presence of ‘a large worn individual of the C. Mediterraneus of authors’. At 
the present time five specimens, all of that species, are present, of which the largest 
may be the one referred to by Hanley. No authority as types may be attributed to 
these specimens, as they are not marked and they do not conform with the diagnosis, 
which is appropriate to the three figures cited. 

The specific name is apparently derived from Monachus Leucophaeus, which 
Rumphius (1711) named the specimen in the figure cited by Linnaeus. Although 
this figure cannot be unequivocally identified, it probably represents a specimen 
conspecific with those figured in the other citations. It is certainly not ‘ C. mediter- 
raneus of authors ’, as stated by Dodge (1953), as that species does not occur in the 
Indo-West Pacific region. The Buonanni figure is crude but probably appropriate; 
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that in Regenfuss is a clear representation. The latter is here selected as representa- 
tive of the lectotype and is reproduced as Fig. 26. 

In the Museum Ulricae, Linnaeus added a subdescription (p. 555) which provided 
the additional information that the spire is striate and the basal striae on the body 
whorl are widely-spaced grooves. The specimen in the M.L.U. collection on which 
the subdescription was based is shown in Fig. 27. It has no authority as a type 
specimen, as it is not known to have been studied by Linnaeus prior to his publication 
of the name C. monachus. 

C. monachus is distributed throughout the central portion of the tropical Indo- 
West Pacific region. 


Conus nobilis Linnaeus 
(Fig. 28) 


Infrageneric group.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore..’ 

Diagnosis.—‘ C. testa subcylindrica. laevi glabra ’ (p. 714, No. 259). 

Figure cited—Argenville (1742: pl. 15, fig. M). 

Type locality —None. 

Remarks.—As Hanley (1855) and Dodge (1953) noted, it is not possible to identify 
this species from the original description. The brief diagnosis is totally inadequate, 
and the sole figure cited is suggestive but cannot be unequivocally identified to 
species. More adequate descriptions added by Linnaeus in later works (1764, 1767) 
provide an unequivocal determination. Moreover, Linnaeus possessed a specimen of 
C. nobilis which is present in the Linnaean collection. This specimen (Fig. 28) is 
considered the holotype of C. nobilis. 

The specimen described by Linnaeus in the Musewm Ulricae (p. 554, No. 158), 
which is present in the M.L.U. collection, measures 46 x 23-5 mm. 

No locality was given for C. nobilis by Linnaeus. The species occurs in the 
Indo-Malayan region. 


Conus nussatella Linnaeus 
(Fig. 29) 


Infrageneric growp.— Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ 
; Diagnosis.— C. testa subcylindrica rubra inermi striis tuberculatis scabra ’ (p. 716, 
No. 273). 

ne ah Testa pallida reliquis longior striis punctis fulvis scabris.’ 

Figures cited—Rumphius (1705: pl. 33, fig. EE); Lister (1688: s. 10, c. 6, t. 3, 
fig. 2); Gualtieri (1742: pl. 25, fig. L); Argenville (1742: pl. 16, fig. P). 

Type locality—‘ Nussatello Insulam Asiae,’ probably Tello Island, Sumatra. 

Remarks.—The original description provides an unequivocal identification of the 
species Linnaeus intended to place under the name C. nussatella. The diagnosis is 
unusually adequate, and the figures cited are consistent, with the exception of the 
erroneous reference to Lister (1688) which was corrected to ‘List. 744, f. 35’ in 
Linnaeus’s own copy of the Systema. 

Although it is at present unmarked, the specimen in the Linnaean collection was 
apparently owned by Linnaeus (Hanley, 1855). This specimen (Fig. 29) is considered 
the holotype of C. nussatella. ; 

The type locality of C. nussatella is given by Linnaeus as ‘ Nussatello Insulam 
Asiae’, which is presumably Tello Island, off the west coast of Sumatra. This 
species is distributed throughout the tropical Indo-West Pacific region. 
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Conus princeps Linnaeus 
(Fig. 30) 


Infrageneric growp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ ee oe 

Diagnosis —‘ ©. testa flava: lineis fusco-purpureis longitudinalibus ramosis 
(p. 713, No. 256). Mg 

Subdescription—‘ Lineae latae purpureo-fuscae longitudinales subramosae. 

Type locality.—None. : . 

Remarks.—The diagnosis and subdescription are generally considered sufficient 
to identify C. princeps unequivocally (Dodge, 1953). This is the only species of 
Conus described in the 10th edition of the Systema which Linnaeus explicitly based 
on a specimen in the M.L.U. collection, as evidenced by the initials M.L.U. which 
follow the diagnosis. The specimen (Fig. 30), which is presently in the M.L.U. 
collection, is the holotype of OC. princeps. This specimen was also mentioned by 
Reeve (1843: pl. 7, sp. 36). 

No locality for C. princeps was given by Linnaeus. The species occurs along the 
coast of tropical western North and Central America. It is the only characteristically 
Panamic species of Conus described by Linnaeus. 


Conus rusticus Linnaeus 


Infrageneric growp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ ; 

Diagnosis —  C. testa ovata, basi rugoso muricatoque scabra, spira conico con- 
vexa’ (p. 714, No. 264). 

Subdescription.— Testa livida fascia albido-nebulosa.’ 

Figures cited—Rumphius (1705: pl. 32, fig. R); Gualtieri (1742: pl. 25, fig. R); 
Argenville (1742: pl. 15, fig. D). 

Type locality.—Africa. 

Remarks.—The disposition of the name C. rusticus has been discussed at con- 
siderable length by Deshayes & Milne Edwards (1845), Hanley (1855) and Dodge 
(1953), all of whom recommend its suppression on the ground that its identity is too 
doubtful to be retained, a position with which the present author is in complete 
agreement. The reasons may be summarized as follows :— 

(1) The original diagnosis and subdescription ‘cannot be tied to a particular 
species ’ (Dodge, 1953). 

(2) The three figures cited by Linnaeus are not unequivocally identifiable to 
species, they ‘ représentent trois espéces bien distinctes’ (Deshayes & Milne Edwards, 
1845), and ‘not one of the three most dissimilar figures ... corresponds with the 
description ’ (Hanley, 1855). 

(3) The tray in the Linnaean collection at the Linnean Society of London at 
present contains two specimens, each of a different species, C. classiarius Hwass in 
Bruguiére (= C. capitaneus Linnaeus?) and C. lividus Hwass in Bruguiére. Both 
are unmarked but belonged to Linnaeus according to Hanley (1855). (The specimen 
of C. flavidus Lamarck, which Hanley (1855) mentioned as also being present, was 
not seen by the present writer when I examined it in 1958.) 

[The box in the Linnaean collection contains two polished specimens of Conus 
fumigatus Hwass in Bruguiére, two C. lividus Hwass in Bruguiére and one C. flavidus 
Lamarck.—S. P. Dance. | 

(4) An additional description (Linnaeus, 1764: p. 556, No. 163) does not clarify 
the original one, as it is probably based on a specimen of yet another species. The 
specimen labelled No. 163 in the M.L.U. collection is of C. catus Hwass in Bruguiére. 
It has been erroneously labelled C. genwanus by Thunberg. 
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wor these reasons, I have proposed suppression of the name Conus rusticus 
Linnaeus as a nomen dubium in a communication to the International Commission 
on Zoological Nomenclature. 


Conus senator Linnaeus 

Infrageneric growp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis.—‘ C. testa conica laevi glabra, spirae anfractibus obtusis scriptis ’ 
(p. 714, No. 258). 

Type locality —None. 

Remarks.—As in the case of the previous species, Deshayes & Milne Edwards 
(1845), Hanley (1855), and Dodge (1953) state after thorough considerations that it 
is impossible to identify with certainty the species which Linnaeus intended to denote 
by the name C. senator. In the first and last of the works cited, suppression of 
CG. senator as a dubious species is recommended, a position with which I concur, for 
the following reasons :— 

(1) The ‘meagre description, unfortunately, being equally applicable to more 
than one species, the loose verbal definition, not being limited by any illustrative 
reference, will not permit of any absolute certainty of identification ’ (Hanley, 1855). 
Essentially identical conclusions were reached by Deshayes & Milne Edwards (1845) 
and Dodge (1953). 

(2) Linnaeus did not possess a specimen. Although his diagnosis was presumably 
based on earlier accounts and figures, none are cited by him. No specimens were 
present in the M.L.U. collection, and the species is not mentioned by Linnaeus (1764). 

For these reasons, I have proposed suppression of the name Conus senator Linnaeus 
as a nomen dubium in a communication to the International Commission on Zoological 
Nomenclature. 


Conus spectrum Linnaeus (emended) 
(Fig. 31) 

Infrageneric growp.— Laxi ventricosi, in dorsum conjecti super mensam tinni- 
tantes.’ 

Diagnosis.—‘ C. testa caerulescente flavo-nebulosa punctis striisque albo-luteis ’ 
(p. 717, No. 280). 

Figures cited—Rumphius (1705: pl. 32, fig. S); Gualtieri (1742: pl. 25, fig. 8). 

Type locality.—Asia. b 

Remarks.—The specific name in the 10th edition of the Systema is ‘ spectru’. 
It has been suggested (Dodge, 1952) that the diacritic mark indicates elision of the 
final letter by the printer owing to space limitations, as it occurs in a number of 
specific names of similar length in the 10th edition. If this is true, and I accept 
the explanation, it may be construed as clear evidence of a printer’s error; emenda- 
tion of the spelling is thus justified under Articles 32 and 33 of the Code. The 
emendation to spectrum first appears in the Musewm Ulricae (p. 562, No. 175). 
However, according to the provisions of Article 33, the emendation takes the date 
(1758) of the original spelling it replaces. 

Linnaeus indicated that he possessed specimen(s) of C. spectrum in his copies of 
both the 10th and 12th editions of the Systema. In spite of this, as Hanley (1855) 
stated, ‘no Cone [sic] possessed by Linnaeus agrees with the definition of this shell; 
the spectrum of authors is not possessed in his cabinet ’. 

The diagnosis is inadequate and rather misleading. Apparently the term 
caerulescente refers to the interior of the aperture, as Linnaeus later stated (1764). 
Of the two figures cited as indications, the first, from Rumphius, is identifiable to 
species, while that of Gualtieri is not (Dodge, 1953). The Rumphius figure is accom- 
panied by a description of the species (p. 106), which is far more graphic and accurate 
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than that of Linnaeus. For these reasons, the figure in Rumphius is here selected 
to represent the lectotype of C. spectrum and is reproduced as Fig. 31. The specific 
name probably was also taken from Rumphius (1711) who named the species Voluta 
spectrorum. 

An expanded description was provided by Linnaeus (1764: p. 562, No. 175). It 
was probably based on the specimen (No. 175), which is accompanied by a Thunberg 
label and measures 28-5 x 15 mm., present in the M.L.U. collection. 

The type locality of C. spectrum given by Linnaeus is Asia. The species occurs 
chiefly in the Indo-Malayan region. 


Conus spinosus Linnaeus 


Infrageneric grouwp.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore..’ hl 

Diagnosis.—‘ C. testa lineolis rubris cincta coronata subplicataque spinis arguris, 
spira aculeata ’ (p. 715, No. 271). 

Figure cited.—Gualtieri (1742: pl. 55, fig. E). 

Type locality.—None. 

Remarks.—This species, a European fossil which ranges from the Cretaceous to 
the Eocene (Dodge, 1956), was removed from Conus by Linnaeus (1767) and placed 
in the genus Strombus. A discussion of its generic affinities and appropriate name is 
given by Dodge (1956). It is now generally placed in the genus Volutospina of the 
family Volutidae (Wenz, 1943, as Volutispina). 


Conus stercusmuscarum Linnaeus 
(Fig. 32) 


Infrageneric group.— Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore.’ 

Diagnosis.— C. testa basi emarginata striata, spirae anfractibus canaliculatis ’ 
(p. 715, No. 269). 

Figures cited.—Rumphius (1705: pl. 33, figs. Z, AA); Gualtieri (1742: pl. 25, 
figs. N, O, P); Argenville (1742: pl. 15, fig. S); Petiver (1706: pl. 75, fig. 1); Regen- 
fuss (1758: pl. 7, fig. 2). 

Type locality.— Asia. 

Remarks.—The specific name is given as stercus muscarum by Linnaeus. In 
accord with Article 26 of the Code, the component words of this compound name 
are coalesced into one word and the name is treated as though it had been originally 
established in that form. 

The diagnosis is totally inadequate and ignores the shape and colour pattern of 
the shell. As was stated by Hanley (1855) and Dodge (1953), the figures cited 
indicate that Linnaeus combined two distinct species under this name. Those 
figures which are identifiable to species represent both C. stercusmuscarum of authors 
and the species later described as C. arenatus Hwass in Bruguiére (1792). 

The composite nature of Linnaeus’s nominal species is further indicated by the 
presence of both species in the box labelled C. stercusmuscarum in his collection. 
Of the three specimens present, two are C. arenatus. The other (Fig. 32) is here 
selected lectotype of OC. stercusmuscarum. The specimen conforms with the C. 
stercusmuscarum of authors and, as Hanley (1855: p. 173) stated, ‘ as no coronation 
is mentioned [in the original diagnosis], the somewhat arbitrary decision that favoured 
its [C. arenatus’] uncrowned rival was not wholly unreasonable ’ as Linnaeus almost 
invariably noted the coronations of shells of Conus when present. 

[The specimen selected as lectotype by Kohn has the legend ‘ Hudson’ pencilled 
in the aperture, This refers, most likely, to William Hudson (1730-93) a botanist 
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ppe x known to have corresponded with Linnaeus on botanical matters.—S. P. 
ance. 

The description added in the Musewm Ulricae (p. 559, No. 168) did not contribute 
any clarification, and no specimens from the original M.L.U. collection are present 
at Uppsala. The figure of Seba (1758: pl. 55, fig. 1) cited in the 12th edition of the 
Systema likewise contains specimens of both species. 

C. stercusmuscarum, interpreted in accord with the C. stercusmuscarwm of authors 
and indicated by the Linnaean specimen designated as lectotype (Fig. 32) is concluded 
to bea valid species. The locality of C. stercusmuscarum is given as Asia by Linnaeus. 
The species occurs in the tropical Indo-West Pacific region. 


Conus striatus Linnaeus 
(Fig. 33) 


_Infrageneric group.—‘ Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ 

Diagnosis —‘ C. testa ovata-oblonga gibba nebulosa: striis tenuissimis parallelis 
fuscis ’ (p. 716, No. 277). 

Figures cited—Rumphius (1705: pl. 31, fig. F); Gualtieri (1742: pl. 26, fig. D); 
Argenville (1742: pl. 16, fig. C); Petiver (1706?: pl. 98, fig. 9); Regenfuss (1758: 
pl. 8, fig. 16). 

Type locality.— Hitoe. 

Remarks.—The diagnosis of C. striatus is appropriate but limited. The figures 
cited below it are all consistent with the diagnosis and with each other, thus unequi- 
vocally determining the species. Moreover, the single specimen present in the 
Linnaean collection is the only specimen of Conus which at present bears the specific 
name in Linnaeus’s hand. This specimen (Fig. 33) is considered the holotype of 
C. striatus. 

[There are three specimens present in the Linnaean collection. One is marked 
‘ striatus ’ in ink, possibly in Linnaeus’ hand, and another is marked ‘277’ in ink. 
The numbered specimen is in good condition and photographs of it are reproduced 
in Figs. 43, 44. The numbered specimen measures 63 x 29 mm. and the unmarked 
shell 79 x 36 mm.—S. P. Dance. ] 

An accurate additional description is given by Linnaeus in the Museum Ulricae 
(p. 561, No. 172). It presumably is based on the two specimens (79 x 38 mm., 
87 x 42-5 mm.) of C. striatus which are at present in the M.L.U. collection. Swartz 
and Thunberg labels are present with both specimens. 

The type locality of C. striatus, Hitoe, is a locality on Amboina. It was probably 
taken by Linnaeus from the account accompanying the cited figure in Rumphius 
(1705: p. 103). 


Conus terebellum Linnaeus 


Infrageneric group.— Laat ventricosi, in dorsum conjecti super mensam tinni- 
tantes.”’ 

Diagnosis.—’ C. testa cylindrica, spira subulata ’ (p. 718, No. 284). 

Figures cited —Buonanni (1684: fig. 57); Lister (1688: s. 10, c. 6, t. 1); Rumphius 
(1705: pl. 30, fig. 8); Petiver (1713: pl. 13, fig. 24); Argenville (1742: pl. 14, fig. G). 

Type locality. Asia. ‘ 

Remarks.—This species, the identity of which depends on the cited figures and 
on an unmarked specimen present in the Linnaean collection, was removed from 
Conus to Bulla by Linnaeus in the 12th edition of the Systema. It is now generally 
placed in the genus Terebellum Réding, 1798, in the family Strombidae (Wenz, 1940). 
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Conus textile Linnaeus 
(Fig. 34) 


Infrageneric grouwp.—‘ Elongati basi rotundata, cylindro duplo longiore quam 
spira.’ 

. Diagnosis.—‘ C. testa venis reticulatis luteis, maculis luteis fuscisque’ (p. 717, 
No. 278). 

Pipes cited.—Buonanni (1684: fig. 135); Rumphius (1705: pl. 32, figs. O, P); 
Gualtieri (1742: pl. 25, figs. X, AA); Argenville (1742: pl. 16, figs. D, I); Regenfuss 
(1758: pl. 6, fig. 62). 

Type locality.— Banda. ; 

Remarks.—The diagnosis is appropriate but inadequate to identify the species. 
The cited figures have been considered at length by Hanley (1855) and Dodge (1953). 
It may be concluded with the latter author that at least two species, C. textile and 
C. aulicus, are represented. 

Three specimens are present in the Linnaean collection. One of these, which 
measures 36 < 17 mm., appears to be a late addition to the collection. The other 
two (67 x 33 mm., 46 x 22 mm.), although unmarked, are considered by Hanley 
and Dodge to be Linnaeus’s syntypes. The larger specimen (Fig. 34) is here selected 
lectotype of C. textile. 

[Hanley said of this species that ‘ two varieties of it are present ’ in the Linnaean 
cabinet. Both Dodge and Kohn conclude that this statement indicates two speci- 
mens but this conclusion, in my opinion, is not a correct interpretation of Hanley’s 
words. It is impossible to tell which of the three shells, if any, is a later addition.— 
S. P. Dance. ] 

In the Musewm Ulricae, Linnaeus provided a more detailed description (p. 561, 
No. 173) based on specimens in the M.L.U. collection. Two specimens accompanied 
by Swartz and Thunberg labels are present at Uppsala. Both are typical and large 
(96 x 48 mm., 90 x 42 mm.), hence neither appears to represent the ‘ varietas parva’ 
described by Linnaeus (1764). 

The type locality of C. textile is Banda, a small island in the Moluccas. This 


extremely variable species is distributed throughout the entire tropical Indo-West 
Pacific region. 


Conus tulipa Linnaeus 
(Fig. 35) 


Infrageneric group.—‘ Laxi ventricosi, in dorsum conjecti super mensam tinni- 
tantes.’ 

Diagnosis.— C. testa oblonga gibba laevi, apertura dehiscente ’ (p. 717, No. 282). 

Subdescription.—‘ Simillimus Geographo, sed minime coronatus; caeterum testa 
laxe convoluta.’ 

Figures cited—Rumphius (1705: pl. 34, figs. K, L); Argenville (1742: pl. 16, 
fig. B); Regenfuss (1758: pl. 2, fig. 20). 

Type locality—None. 

Remarks.—As Dodge (1953) has pointed out, the diagnosis of C. tulipa is appro- 
priate but does not distinguish the species from C. bullatus and C. geographus. Dis- 
tiction from the latter species is accomplished adequately in the subdescription. 

Interpretation of the three figures cited by Linnaeus (1758) as indications of CO. 
tulipa is difficult. In the present writer’s opinion only one, that of Regenfuss, can 
be unequivocally identified to species. It conforms with the diagnosis and sub- 
description and with the two specimens (56-5 x 27 mm., 51 x 24 mm.) present in 
the box labelled C. tulipa in the Linnaean collection. Linnaeus indicated that he 
possessed specimen(s) of C. tulipa in his copy of the 10th, but not the 12th, edition 
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of the Systema, and, although both specimens are unmarked, they are accepted as 
the Linnaean syntypes by Hanley (1855). The larger specimen (Fig. 35) is here 
selected lectotype of C. tulipa. 

No specimens of C. twlipa are present in the M.L.U. collection, and the species 
was not listed by Linnaeus (1764). An additional figure reference (Seba 1758: 
pl. 42, fig. 16) added by Linnaeus (1767) is of a shell which appears to be conspecific 
with the lectotype. 

No locality for C. tulipa was given by Linnaeus. The species is widely distributed 
throughout the tropical Indo-West Pacific region. 


Conus varius Linnaeus 
(Figs 36 and 37) 


Infrageneric group.—‘ Pyriformes basi rotundata, sub-cylindrica quam spira 
sesquilongiore..’ 

Diagnosis.—‘ C. testa elongata muricata, spira coronata acuta’ (p. 715, No. 270). 

Figure cited.—Argenville (1742: pl. 15, fig. R). 

Type locality —None. 

Remarks.—The inadequate diagnosis and the cited figure are, even taken to- 
gether, in my opinion insufficient to define the species unequivocally. Linnaeus did 
not indicate possession of a specimen, and for this reason Hanley (1855) considered 
the specimen he isolated in the Linnaean collection to be a later addition. However, 
S. P. Dance has recently restudied this specimen and considers it to have as much 
typical authority as most of the other undocumented specimens in the collection. 
This specimen (Fig. 36) measures 33-5 x 16 mm. and is here considered the holotype 
of C. varius. 

The expanded description in the Musewm Ulricae (P. 559, No. 169) was presumably 
based on three specimens (59 x 28 mm.; 36 x 20-5 mm.; 185 x 12 mm.) now 
present in the M.L.U. collection. The largest specimen is shown in Figure 37. It 
bears the last letter of a Swartz label, the rest of which has broken off and is present 
in the tray. 

No locality of C. varius is given by Linnaeus. The species is widely distributed 
in the Indo-West Pacific region. 


Conus virgo Linnaeus 
(Fig. 38) 


Infrageneric group.— Truncati s. spira fere truncata.’ 

Diagnosis. — C. testa conica basi caerulescente ’ (p. 713, No. 253). 

Subdescription.— Similis litteratis colore lacteo aut rubro maculata, basi semper 
violacea margine acuto. Spira exquisito est.’ 

Figures cited—Rumphius (1705: pl. 31, fig. E); Regenfuss (1758: pl. 8, fig. 19). 

Type locality.—None. 

Remarks.—It has been recognized by Hanley (1855) and Dodge (1953) that two 
species were combined in the diagnosis and subdescription. One of these was later 
described as C. tessulatus Born, 1778. Specimens of both species were present in 
the Linnaean collection when it was examined by Hanley (1855). However, no 
specimens of C. virgo are present on a microfilm of the Linnaean collection which 
was made early in World War II (H. Dodge, in litt.), a copy of which I examined at 
the Museum of Comparative Zoology, Harvard University. When I examined the 
collection (in 1958 and 1959) only three specimens, all of O. tessulatus, were present 
in the tray labelled C. virgo. Therefore, the first figure cited by Linnaeus, that of 
Rumphius, is here selected as representative of the lectotype and is reproduced as 
Fig. 38, 
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Selection of this figure as representative of the lectotype, in preference to designa- 
tion of a specimen of the other species of the composite description as lectotype, is 
justified by Linnaeus’s discussion of C. virgo in the Museum Ulricae. The portion 
of the description and the indication which referred to C. tessulatus in the 10th edition 
of the Systema was omitted by Linnaeus (1764: p. 551, No. 154), indicating that he 
no longer included the species now known as C. tessulatus under C. virgo. The 
M.L.U. collection contains three specimens under No. 154, two of which have been 
highly polished. One of the latter is C. lividus Hwass in Bruguiére. The other 
(67 x 35 mm.) is C. virgo, as is the third specimen, which measures 58 x 32 mm. 
In the 12th edition of the Systema Linnaeus reverted to the composite species of the 
10th edition. One may speculate that he neglected to consult his revision in the 
Museum Ulricae when preparing the 12th edition from the 10th. 

[Kohn says that three specimens of Conus tessulatus Born were present in the tray 
labelled C. virgo when he examined the Linnaean collection. There is no tray so 
labelled and the specimens are in a glass-topped box which also contains the tablet on 
which they were mounted by Hanley. This tablet bears the legend * was included in 
virgo ’ written in pencil by Hanley.—S. P. Dance.] 

No locality for C. virgo is given by Linnaeus. The species is widely distributed in 
the tropical Indo-West Pacific region. 


Species DESCRIBED BY LINNAEUS, 1767 
Conus ammiralis cedonulli Linnaeus 


Diagnosis.— C. testa testacea, albo maculata cingulisque tribus, supremo com- 
posito, omnibus punctatis ’ (p. 1167, No. 2986). 

Figure cited.Seba (1758: pl. 48, fig. 8). 

Remarks.—A fourth infraspecific form of C. ammiralis, ‘ cedo nulli’, was added 
by Linnaeus in the 12th edition of the Systema. In accord with Article 26 of the Code, 
the component words of this compound name are coalesced into one word, cedonulli, 
and the name is treated as though it had been established in that form originally. 

Interpretation of what Linnaeus intended to denote by the name C. a. cedonulli 
is difficult. He apparently did not possess a specimen, and it seems likely that the 
description is based on the cited figure in Seba and the description accompanying it 
(Seba, 1758: p. 138). The figure may represent a variant of C. ammiralis. Seba 
cites the locality of his shell as the South Sea, which evidently indicates the Pacific 
Ocean, as Seba distinguished this specimen from his ‘ American Admirals ’. 

The subsequent history of the name is summarized by Dodge (1953). The present 
author agrees with Linnaeus (1767) that his C. a. cedonulla is a variety of C. ammiralis. 
It is concluded that C. a. cedonulli was applied not to a population but to a minority 
as of a population, and this name therefore denotes a form of infrasubspecific 
rank, 


Conus generalis Linnaeus 
(Fig. 39) 

Infrageneric group.— Truncati s. spira fere truncata.’ 

Diagnosis.— C. testa conica nitida, spira plana muricata: anfractibus canalicu- 
latis ’ (p. 1166, No. 293). 

Subdescription.— Testa politissima, ferruginea s. lutea, fasciis 3, albis, interruptis 
s. undatis. Spira albida, anfractibus canaliculatis, medio acuminata.’ 

Figures cited.—Lister (1688: pl. 276, fig. 35); Rumphius (1705: pl. 33, fig. Y); 
Gualtieri (1742: pl. 20, fig. G); Argenville (1742: pl. 15, fig. T); Regenfuss (1758: 
pl. 6, fig. 65); Petiver (1704: pl. 27, fig: 11). 

Type locality.—East India. 


~ 
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Remarks.—Linnaeus corrected the erroneous term muricata of the diagnosis to 
the more appropriate mucronata in his own copy of the 12th edition of the Systema. 
The six figures cited are consistent with the diagnosis and with each other. (A 
typographical error in the reference to Lister (1688: pl. 276 [for 786]) was corrected 
in Linnaeus’s copy of the 12th edition by his son. 

The single specimen in the Linnaean collection, although unmarked, has been 
considered Linnaeus’s type by Hanley (1855) and Dodge (1953). This specimen 
(Fig. 39) thus is considered the holotype of C. generalis. 

The type locality given for C. generalis by Linnaeus is ‘ India orientali’. The 
species occurs in the tropical Indo-West Pacific region. 

[The first of the figures cited for this species by Linnaeus is ‘ List. Conch. t.276. 
£.35’° which, as Hanley (1855) has shown, is an obvious error for t.786. f. 35. The 
specimen on which this figure is based is now in the Sloane collection, British Museum 
(Natural History) and as it has a closer relationship to Linnaeus’ conception of the 
species than the undocumented shell in his collection, it has been considered desirable 
Ks include photographs of it here (Fig. 41, 42). It measures 53 x 22 mm.—S. P. 

ance. | 


Conus genuanus papilio Linnaeus 


Diagnosis —‘ Fasciis connexis ocellis pupillatis ’ (p. 1168, No. 302). 

Figures cited.—Seba (1758: pl. 44, figs. 1-5; pl. 48, figs. 1-3). (The placement 
of these figures under C. g. papilio is considered by Hanley (1855) to be a typo- 
graphical error); Argenville (1742: pl. 15, fig. V). 

Type locality—None. 

Remarks.—To C. genuanus, the diagnosis of which was unaltered from the 10th 
edition of the Systema, Linnaeus added C. g. papilio as * Varietas f’. If Hanley’s 
contention that the Seba figures, which represent reasonably typical C. genuanus, 
appear erroneously as indications of the variety is correct, O. g. papilio may have 
been based entirely on the Argenville figure, which the present writer is unable to 
assign to a species. It is doubtful that it represents a specimen conspecific with 
C. genuanus. It is possibly C. pulcher [Lightfoot], 1786. The name C. genuanus 
papilio is here considered to have been applied to a minority element of a population, 
and this name therefore denotes a form of infrasubspecific rank. 


Conus vicarius Linnaeus 
(Fig. 40) 

Infrageneric growp.— Pyriformes basi rotundata, subcylindrica quam spira 
sesquilongiore.’ 

Diagnosis.—‘ C. testa testacea albo maculata, fasciis 4 flavis immaculatis: 
secunda angulo divisa ’ (p. 1167, No. 299). 

Figure cited.—Argenville (1742: pl. 15, fig. H.) 

Type locality.—None. 

Remarks.—The diagnosis may have been based entirely on the only figure cited, 
as Linnaeus did not possess a specimen. This figure is here selected representative 
of the lectotype of C. vicarius and is reproduced as Fig. 40. The last phrase of the 
diagnosis is unintelligible, and the phrase ‘ fasciis 4 flavis immaculatis ’ contradicts 
Argenville’s statement (1742: p. 281), ‘fascies marbrées de taches blanches sur un 
fond jaune.’ In the present writer's opinion the white spots are seen with difficulty 
and on only one of the bands in the figure. Hanley (1855) and Dodge (1953) con- 
cluded that the Argenville figure was probably meant to represent a variant of C. 
ammiralis, a view with which I concur. QC. vicarius Linnaeus, 1767, is thus con- 
sidered a synonym of CO, ammiralis Linnaeus, 1758. 
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TaBLe 1.—Summary of the species of Conus described by Linnaeus 
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99 
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Lectotype 
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2 


Valid” 


39 


nomen dubium 
Valid 


9? 


93 


3° 


nomen dubvum 
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29 


29 


39 
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o> 


Valid 


Not Conidae ; i 
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39 


Not Conidae ; is 
a Terebellum 
Valid 


39 


Infrasubspecific 
rank 

Valid 
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rank 

= ammiralis 
Linnaeus 
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SUMMARY 


Of the 35 species described by Linnaeus under Conus in the 10th edition of the 
Systema Naturae, 29 are concluded to be valid, four are rejected as nomina dubia, 
and two are no longer placed in Conus. Of the two additional species described in 
the 12th edition in 1767, one is valid and the other is a synonym of a species described 
by Linnaeus in 1758. 

Holotypes of eleven Linnaean species exist. Ten lectotypes, seven illustrations 
representing lectotypes, and two neotypes have been selected. The types of all 30 
valid Linnaean species are indicated in summary form in Table 1 and illustrated 
photographically in Plates 1-3. 

None of the five infraspecific taxa proposed by Linnaeus are considered to merit 
elevation to species rank; it is concluded that all should be relegated to infrasub- 
specific status, as they are based not on allopatric populations but on morpho- 
logical variations without regard to geographic origin. 
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Fic. 1.—Conus ammiralis Linnaeus. Lectotype. 72 x 40 mm. Linnaeus Collection, Linnean 
Society of London. 

Fie. 2.—Conus aulicus Linnaeus. 85 x 34 mm. Museum Ludovicae Ulricae Collection, Uni- 
versity of Uppsala. 

Fics. 3, 4.—Conus aulicus Linnaeus. Representative of lectotype. Reproduced from Fig. Z, 
Pl. 25, of Gualtieri (1742). 

Fie. 5.—Conus aurisiacus Linnaeus. Representative of lectotype. Reproduced from Fig. A, 
Pl. 34, of Rumphius (1705). 

Fie. 6.—Conus betulinus Linnaeus. Holotype. 101 x 67 mm. Linnaeus Collection, Linnean 
Society of Londen. 

Fie. 7.—Conus bullatus Linnaeus. Neotype. 59 x 30mm. Museum Ludovicae Ulricae Collec- 
tion, University of Uppsala. 

Fie. 8.—Conus bullatus Linnaeus. Neotype. Aperture view, showing reflected margin of inner 
lip at base, noted by Linnaeus. 

Fic. 9.—Conus capitaneus Linnaeus. Lectotype. 51 x 32mm. Linnaeus Collection, Linnean 
Society of London. : 

Fic. 10.—Conus ebraeus Linnaeus. Lectotype. 28 x 19 mm. Linnaeus Collection, Linnean 
Society of London. 

Fie. 11.—Conus figulinus Linnaeus. Lectotype. 65 x 42 mm. Linnaeus Collection, Linnean 
Society of London. 
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Fic. 12.—Conus genuanus Linnaeus. Representative of lectotype. Reproduced from Fig. 6, 
Pl. 34, of Rumphius (1705). 

Fic. 13.—Conus genuwanus Linnaeus. 60:5 x 36mm. Museum Ludovicae Ulricae Collection, 
University of Uppsala. 

Fic. 14.—Conus geographus Linnaeus. Holotype. 98 x 48mm. Linnaeus Collection, Linnean 
Society of London. 

Fie. 15.—Conus geographus Linnaeus. Holotype. Showing marking in Linnaeus’s hand. 

Fic. 16.—Conus glaucus Linnaeus. Representative of lectotype. Reproduced from Fig. GG, 
Pl. 33, of Rumphius (1705). 

Fic. 17.—Conus glaucus Linnaeus. 45 x 29mm. Museum Ludovicae Ulricae Collection, Uni- 
versity of Uppsala. 

Fie. 18.—Conus granulatus Linnaeus. Holotype. 41 x 21mm. Linnaeus Collection, Linnean 
Society of London. 

Fre. 19.—Conus imperialis Linnaeus. Holotype. 65 x 37 mm. Linnaeus Collection, Linnean 
Society of London. 

Fra. 20.—Conus litteratus Linnaeus. Lectotype. 91 x 52 mm. Linnaeus Collection, Linnean 
Society of London. 

Fie. 21.—Conus magus Linnaeus. Neotype. 43 x 19mm. Museum Ludovicae Ulricae Collec- 
tion, University of Uppsala 

Fie. 22.—Conus marmoreus Linnaeus. Holotype. 51 x 28mm. Linnaeus Collection, Linnean 
Society of London. ; 

Fie. 23.—Conus mercator Linnaeus. Lectotype. 24 x 13:5 mm. Linmaeus Collection, 
Linnean Society of London. 

Fic. 24.—Conus mercator Linnaeus. 27°5 <x 15°5mm. Museum Ludovicae Ulricae Collection, 
University of Upssala. 
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PLATE 3 


25.—Conus miles Linnaeus. Lectotype. 53 x 31 mm. Linnaeus Collection, Linnean 
Society of London. 

26.—Conus monachus Linnaeus. Representative of lectotype. Reproduced from Fig. 68, 
Pl. 12, of Regenfuss (1758). 

27.—Conus monachus Linnaeus. 39:5 x 20°56 mm. Museum Ludovicae Ulricae Collection, 
University of Uppsala. 

28.—Oonus nobilis Linnaeus. Holotype. 41 x 20 mm. Linnaeus Collection, Linnean 
Society of London. 

29.—Conus nussatella Linnaeus. Holotype. 49 x 18 mm. Linnaeus Collection, Linnean 
Society of London. 

30.—Oonus princeps Linnaeus. Holotype. 51 x 30mm. Museum Ludovicae Ulricae 
Collection, University of Uppsala. 

31.—Conus spectrum Linnaeus. Lectotype. 39 x 21mm. Linnaeus Collection, Linnean 
Society of London. 

32.—Conus stercusmuscarum Linnaeus. Lectotype. 37 x 20mm. Linnaeus Collection, 
Linnean Society of London. 

33.—Conus striatus Linnaeus. Holotype. 62 x 31 mm. Linnaeus Collection, Linnean 
Society of London. 

34.— Conus textile Linnaeus. Lectotype. 67 x 33 mm. Linnaeus Collection, Linnean 
Society of London. 

35.—Conus tulipa Linnaeus. Lectotype. 56:5 x 27 mm. Linnaeus Collection, Linnean 
Society of London. 

36.—Conus varius Linnaeus. Holotype. 33:5 x 16 mm. Linnaeus Collection, Linnean 
Society of London. 

37.—Conus varius Linnaeus. 59 xX 28 mm. Museum Ludovicae Ulricae Collection, 
University of Uppsala. Plate 4. 


PLatE 4 


38.—Conus virgo Linnaeus. Representative of lectotype. Reproduced from Fig. E, Pl. 31, 
of Rumphius (1705). 

39.—Conus generals Linnaeus. Holotype. 47 x 20 mm. Linnaeus Collection, Linnean 
Society of London. 

40.—Conus vicarius Linnaeus. (= C. ammiralis Linnaeus). Reproduced from Fig. H, 
Pl. 15, of Argenville (1742). 


Fies. 41, 42.—Conus generalis Linnaeus. 53 x 22 mm. Specimen in the Sir Hans Sloane 


Collection, British Museum (Natural History) : Photograph by permission of the Trustees. 


Fias. 43, 44.—Conus striatus Linnaeus. 63 x 29 mm. Linnaeus Collection, Linnean Society 


of London. 
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This index is not exhaustive. Names given only a brief mention in the text have not been included. 


(New genera and species shown in bold type) 


Acrania 263-4 
Agelena 

gautami 569 
Amaeana 

trilobata 533-4 
Amoebae, testate 369-82 
Ampharete 
acutifrons 527 
Ampharetidae 525-7 
Amphicteis 

gunneri 527 
Amphiglena 
mediterranea 542 
Amphitrema 
stenostoma 374 
wrightianum 374 
Anisograptus 26 
Anisus 361 
costulatus 357 
dallonii 357 
Aonides 

oxycephala 490 
Aplatophis 
chauliodus 698 
Apodemus 
sylvaticus 367-8 
Aprasia 

pulchella 628-44 
Arcella 

eatinus 373 
discoides 373 
polypora 373 
Aricidea 

capensis 481-2 
longobranchiata 482-4 
Arius 

grandicassis 700 
parmocassis 700 
stricticassis 700 
Armandia 
intermedia 516 
leptocirrus 517 
Asychis 

capensis 521-2 
Atherigona, 
hyalinipennis 193-5 
Axiothella 
quadrimaculata 523 


Berthelinia 

caribbea 731-9 
Billaea 

rhingiaeformis 186-8 
Biomphalaria 

pfeifferi 356-7, 361 
Biston 

betularia 47-8 


Boarmia 

repandata 47 
Boceardia 
pseudomatrix 493 
Bomis 

bengalensis 580-1 
Brachycybe 

lecontei 384-460 
Brada 

villosa capensis 510-12 
Branchiomma 
quadrioculatum 539 
Bulinus 

truncatus 357-8 
Bulla 

gibbosa 171 
terebellum 759 


Calliphora 
erythrocephala 725-6 
Calyptozetes 
sarekensis 587—90 
Camisia 

segnis 586 
spinifer 586 
Capitella 

capitata 518 
Carabodes 
labyrinthicus 587 
marginatus 587 
minisculus 587 
Cardium 171 
Caulleriella 
acicula 501 
capensis 500-1 
Caulolatilus 
gruppyi 699 
Centropyxis 
aculeata 373 
aerophila 373 
cassis 373 
constricta 373 
hirsuta 373 
kolkwitzi 373 
Cepaea 

nemoralis 46 
Ceratoppia 

bipilis 586 
Ceyx 

erithacus 212-21 
—captus 219 
—erithacus 219 
—jungei 219 
—macrocarus 219 
—motleyi 219 
—rufidorsus 219 
rufidorsus 212-21 
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Chaetopterus 
varieopedatus 497 
Chaetozone 

setosa 505 
Chama 

gigas 178 
Chamobates 

schutzi 587 
Cheiracanthium 
saraswatii 568-9 
Chiton 

hispidus 171 
Chone 

filicaudata 542 
Chordata 252-69 
Chrysomyia 

putoria 188-9 
Cirratulus 500 
gilchristi 500 


Cirriformia 
capensis 499 
filiformis 499 


tentaculata 499 
Clonograptus 26 
Colobognatha 383-461 
Conus 1740-66 

‘achatinus’ 752 

ammiralis 743-4 

—eedonulli 762 

— occidentalis 744 

—ordinarius 744 

—summus 744 

arenatus 758 

aulicus 744-5 

auricomus 748 

betulinus 746 

bullatus 746, 760 

capitaneus 747 

catus 756 

chaldaeus 748 

classiarus 756 

clavus 177, 747-8 

coccineus 750 

ebraeus 748 

eburneus 751 

episcopus 745 

figulinus 748-9 

flavidus 756 

fumigatus 756 

generalis 747, 762-3 

genuanus 749, 756 

—papilio 763 

geographus 749-50, 760 

glaucus 749-50 

granulatus 750-1 

imperialis 751 

leopardus 751 

litteratus 751 

lividua 756 

magnus 752 

marmoreus 752-3 

mediterraneus 754 

mercator 753 

miles 753 

minimus 753—4 


Index 


Conus (contd. 


monachus 754-5 
mus 754 

nobilis 755 
nubecula 746 
nussatella 755 
omaria 745 
pennaceus 745 
princeps 178, 756 
pulcher 763 
pulicarius 751 
rusticus 756—7 
senator 757 
spectrum 757-8 
spinosus 758 
stereusmuscarum 758-9 
striatum 759 
terebellum 177, 759 
terebra 747 
tessulatus 761 
textile 760 

tulipa 760-1 
varius 761 
vicarius 763 
virgo 761-2 


Copromyza 


pedipicta 181 


Corythion 374 
Craterostigmus 


tasmanianus 67—9 


Crocidura 


russula russula 366-8 


Cryptodifflugia 


eboracensis 374 
oviformis 374 


Cyclopseta 
chittendeni 698 
Cylindroiulus 
punctatus 384-460 
Cyphoderia 

ampulla 374 


trochus 374 


Cyphoma 171 


gibbosa 171 


Cypraea 


argus 171 
moneta 178 


Cyrtograptus 29 


rigidus 29, 31 


Cyrtophora 561 


cicatrosa 562 
citricola 562 
feae 562 
moluccensis 562 


Dasyatis 


geijskesi 698 


Dasybranchus 


bipartitus 519 


Dasychone 


capensis 538-9 
natalensis 539 
nigromaculata 539 
violacea 538 


Delma 

fraseri 628-44 
tincta 628-44 
Dicellograptus 27 
Dichograptus 27 
Dictyonema 
flabelliforme 24, 26 
Didymograptus 27 
Difflugia 373 
acuminata 373 
bacillariarum 373 
bacillifera 373 
brevicolla 373 
elegans 373 
globulosa 374 
oblonga 373 
Diplobatis 

pictus 697-8 
Diplocirrus 
capensis 509-10 
Diplopoda 59-60 
Dodecaceria 
capensis 504 
laddi 505 
Dolistenus 

savii 384-460 
Drosophila 
melanogaster 725-6 
pseudoobscura 42 


Edwardzetes 
edwardsi 587 
Ellobium 171 
Eomatachia 719 
Escherichia 

coli 118, 121 
Euchone 
capensis 540-2 
Eucinostomus 
argenteus 700 
gula 700 
Euclymene 
glandularis 520 
lombricoides 520 
luderitziana 520 
natalensis 521 
Eupolymnia 
nebulosa 532 


Fabricia 

bansei 543 
capensis 542 
Ficopomatus 
capensis 552-3 
Filograna 
implexa 553-4 
Flabelligera 
affinis 505 


Gastrocopta 
klunzingeri 358, 360 


Gekkonidae; Australian 278-335 


Geophilella 164, 166 
Geophilomorpha 59 


Index 


Glyptograptus 
dentatus 28 
Gunnaria 


capensis 505 


Halieutichthys 700 
Halocentrus 

bullisi 699 
Hanseniella 164-6 
Haploscoloplos 
kerguelensis 477 
Heleopera 

petricola 374 
sylvatica 374 
Helix 

aspera 227 
pomatia 235 
Hemiarthrus 
abdominalis 239-51 
Hemichorda 261-3 
Heminothrus 
valentianus 586, 588 
Himantarium 59 


Hyboscolex 
longiseta 516 
Hydroides 
dipoma 550 
norvegica 549 
Hylemyia 
eilicrura 195 
Hypochthonius 
rufulus 586 
Hypsicomus 


capensis 537-8 
Isopisthus 700 


Jasmineira 
elegans 542 

Johnstonia 
knysna 521 

Jullienella 273-7 
foetida 273-7 


Lanassa 

capensis 537 
Lanica 

wollebaeki 533 
Laonice 

cirrata 484 
Leaena 537 
Leptocera 184 
carbonicolor 182-3 
crassimina 184 
heteroneuridea 183 
kovacsi 182 
xanthographa 182 
Leptograptus 27 
Lesquereusia 
modesta 373 
spiralis 373 
Leucauge 563-4 
bengalensis 565 
celebensiana 564 
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Leucauge—continued 
culta 565 
decorata 564-5 
tessellata 565-6 
ventralis 566 

Leucinodes 
orbonalis 196—211 

Lialis 
burtonis 628-44 
jicari 628-44 

Liebstadia 
similis 587 

Limnophora 
aculeipes aculeipes 193 
elgonica subsp. aethiopica 190-1 
scotti 191-3 

Limnozetes 
sphagni, 587 

Limosina 182 

Lithobius 63 

Loimia 
medusa 533 

Lymnaea 222 
auricularia 228, 230-1, 233-4, 235 
—rubignosa 229-31 
—rufescens 228, 230-1 
glabra 228-30, 233, 235 
lessoni 229, 233 
natalensis 229-31, 233-4, 356 
palustris 228, 232, 234-5 
peregra 228, 230-1, 233-5 
stagnalis 228-30, 233, 235 
truncatula 228-30, 233, 235 

Lysippe 
agulhasensis 529-30 
capensis 530-1 


Macroclymene 521 
Magellona 
capensis 495-6 
cincta 494 
papillicornis 494-5 
Maldane 

sarsi 523 
Maldanella 
capensis 523-4 
Maniola 

gurtina 41-3 
Marginella 

limbata 177 
Matachia 703-4 
hirsuta 706-10 
livoris 704—6 
Matachiinae 701-20 


Mediomastus 
capensis 518-19 
Melanozetes 
mollicomus 587 
Melitaea 


aurinia 44 
Millotellina 165-6 
Misumena 

horai 573 
mridulai 573-5 
Mobula 699 


Index 


Murex 
anus 178 
Musca 
domestica curviforceps 
lasiopthalma 190 
Myxicola 
infundibulum 542 


Naineris 

laevigata 475 
Nanhermannia 
nana 585-6 
Nebela 

bohemica 373 
ecollaris 373 
flabellulum 373 
griseola 374 
lageniformis 374 
penardiana 373 
tenella 374 
tincta 373 
wailesi 374 
Neoscutigerella 164, 166 
Neoteny 254-6 
Neothyris 
lenticularis 592-614 
Neovermilia 
capensis 551 
Nephila 566 
kuhlii 567 
maculata 567 
robusta 566-7 


Nerinides 
gilchristii 491 
Nerita 
peloronta 177 
Nicolea 


macrobranchia 532 
venustula 532-3 


Nicomache 
lumbriecalis 521 
Nothrus 
silvestris 586 
Notomastus 


aberans 519 
latericeus 519 


Ogcocephalus 699 
Ophelia 
africana 513 
agulhana 513 
anomala 515 
capensis 514-15 
Ophelina 
acuminata 515 
Ophicephalus 
punctatus 616-26 
striatus 616-26 
Ophrycotyle 645-68 
brasiliensis 665 
herodiae 665 
insignis 649-53, 659-61 
proteus 645-9, 661-3 
prudhoei 655-8 


189-90 


Ophrycotyle—continued 
turdina 665 
zeylanica 653-5 

Oppia 
ornata 586 
quadricarinata 586 

Ordinia 
angrapequensis 476 
bioreti 476 

Oribatula 
tibialis 587 

Oriopsis 543-5 
bansei 546 
ehlersi 546-7 
elmeri 547-9 
neglecta 546 
parvula 545-6 

Orthellia 
rhingiaeformis 190 

Orya 59 

Ostrea 
edulis 178 
folum 178 

Owenia 
fusiformis 519 


Panaxia 
dominula 46 
Pandalus 
bonnieri 245-6 
montagui 243, 246 
Papilio 
machaon 44 
Paramatachia 710 
ashtonensis 713 
cataracta 718-19 
decorata 710-13 
media 713-15 
tubicola 715-18 


Parasclerocheilus 
capensis 517-18 
Pectinaria 


capensis 525 
neapolitana 525 
Peripatus 64-6 
Pherusa 

laevis 506 
monroi 505 
saldanha 508 
swakopiana 506-7 
Philodromus 
assamensis 581-2 
decoratus 582 


Phormia 
regina 726 
Phrynganella 


hemispherica 374 
nidulus 374 
Phryxus 
abdominalis 239 
Phyllochaetopterus 
elioti 497 
socialis 497 
Phylo 

capensis 476 


Phylo—continned 
foetida var. ligustica 476 
Piromis 508-9 
arenosus 509 

Pista 

folligera 533 

qolora 533 

Pistus 

sreepanchamii 571-3 
Platynothrus 

peltifer 586 
punctatus 586, 588-90 
Plaxemyia 
lasiopthalma (7?) 190 
Pletholax 

gracilis 628-44 
Plicatula 171 

plicata 171 
Poecilochaetus 

serpens 497 
Polycirrus 

haematodes (?) 535-6 
plumosus 535 
tenuisetis 535 
Polydesmus 

angustus 384-460 
coriaceus 384-460 
Polydora 

antennata 494 
capensis 493 

flava 494 

giardi 493-4 
hoplura 493 
Polyphysia 

erassa 516-17 
Polyxenus 58, 69 
Polyzonium 
germanicum 384-460 
Potamilla 
linguicollaris 539-40 
reniformis 539 
torelli 539 
Prionospio 

cirrifera 487-8 
cirrobranchiata 488—9 
malmgreni 489-90 
pinnata 485 
saldanha 485-7 
sexoculata 490 
Proscoloplos 
eygnochaetus 481 
Protula 

bispiralis 553 
tubularia 553 
Pseudione 

affinis 239-51 
Pseudoscutigerella 164 


Pterampharete 
luderitzi 527-8 
Pumilus 


antiquatus 592-614 
Pygopodidae 627-44 
Pygopus 

lepidopus 628-44 

nigriceps 628—44 
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Pygospio 
elegans 485 


Ranzanides 

capensis 498-9 
Remora 

albescens 699 
Remysymphyla 165-6 
Rhodine 

gracilior 524 
Rhynchospio 

glutaea 491-2 
Ribautiella 165-6 


Sabella 

penicillus 537 
Sabellaria 
spinulosa 525 
Sabellastarte 
longa 539 
Sabellides 
capensis 528 
octocirrata 528 
Sarcophaga 
bullata 726-7 
Scalibregma 
inflatum 6516 
Scatophaga 
stercoraria 195 
Schizammina 270-3 


arborescens 271-3, 277 


furcata 270, 277 

labyrinthica 270, 277 
Scolaricia 

capensis 480 


dubia 481 
Scolelepis 
indica 492 


Scolopendra 62-3 
Scolopendrella 164, 166 
Scolopendrellidae 164-5 
Scolopendrellina 164 
Scolopendrelloides 164—5 
Scolopendrellopsis 166 
Scoloplos 

armiger (?) 479-80 
johnstonei 477 
uniramus 477-9 
Scutigera 60, 63, 66-7 
Secutigerella 164-5 
Secutigerellidae 164—5 
Scutovertex 

sculptus 586 
Serpula 

vermicularis 549 
—var.echinata 549 
Siphonophora 

hartii 384-460 
portoricensis 384—460 
Siphonotus 

purpureus 384-460 
Sisor 

rhabdophorus 721—4 


Sphaerocera 
curvipes 180 
longipes 181 

Spiophanes 
bombyx 485 
soderstromi 484-5 

Spirontocaris 
lilljeborgii 245-6 

Spirorbis 557 
capensis 554-6 
foraminosus 556-7 
patagonicus 554 

Spondylus 
gaederopus 171 
plicatus 171 


Sternaspis 
scutata 520 
Stomorhina 
lunata 188 
Stomoxys 
taeniata 190 
Strombus 
gigas 178 
pugilis 178 
spinosus 758 
Symphyla 61 


Symphylella 164-6 
Symphylellina 164, 166 
Symphylellopsis 164, 166 
Synaema 

brunettii 578-80 


Tasmaniella 166 


Tectocepheus 
velatus 586 
Tegulorhynchia 
nigricans 592-614 
Telepsavus 
costarum 498 
Terebella 


pterochaeta 531 
schmardaei 532 
Terebellides 

stroemi 537 
Terebellum 

terebellum 759 
Terebratella 
inconspicua 592-614 
sanguinea 592-614 
Tetragraptus 27 
Thapsia 

vesti 359-60 
Thelepus 

pequenianus 536 
plagiostoma 536 
triserialis 536 
Thelothelepus 
capensis 536 
Thomisus 
sikkimensis 569-71 
Thyrax 
dorsobranchialis 501-2 
filibranchia 503 
marioni 503-4 


Thyrisoma 
lanceolata 586 
Travisia 

forbesii 512 
Trichobranchus 
glacialis 536 
Trinema 374 
enchelys 374 
Triphaena 
comes 47 
Trochus 
niloticus 178 
Turbo 
sarmaticus 178 


Urochorda 258-61 
Urotrygon 
microphthalmium 698 


Vermiliopsis 
glandigerus 552 
pygidialus 552 


Index 


11 


Voluta 
auris-judae 171 
auris-midae 171 
fasciatae 747 
glabella 177 
lapponica 178 
marmorata 752 
monilis 178 
musica 178 

Volutospina 
spinosus 758 


Xystianus 
kamakhyai 575-6 
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